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PREFACE. 

The use of the New York Air Brake has created a 
demand for a book descriptive of the parts of the ap- 
paratus employed and an explanation of their opera- 
tion. 

The book has been written with the idea of furnish- 
ing information, not only for those who are interested 
in handling the brake, but for those as well who have 
to do with the installation and maintenance of it. 

Detailed information is contained bearing on the 
peculiarities, troubles, care and remedies, and a spe- 
cial effort has been made to have the index so ar- 
ranged that any point may be not only located in a 
particular chapter, but on a special page, thus mak- 
ing it a book of ready reference in which the informa- 
tion desired may be quickly found. In using the 
index, points in question may best be found by first 
locating the piece of apparatus concerning which 
information is desired; the point at issue may then 
be readily located under the main heading. 

Chapters which contain a large amount of general 
information on the general subject of brakes, train 
handling, train inspection, leverage, formulae, rules, 
etc., will be found, the object sought being to make 
the book as complete and interesting as possible to 
those interested in all branches of railroad service. 

A special effort has been made to make the book of 
value to those in road service who are expected to pass 
examinations as to their knowledge of the air-brake 
and its operation. 

April, 1904. Robert H. Blackall. 
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Previous to the introduction of tlie automatic 
brake, the straight-air brake was in use. 

With this brake the necessary parts located on each 
car were a brake cylinder and a train pipe, both being 
directly connected by a crossover pipe. The train 
pipe, as now, had flexible hose connections at either 
end of the car. 

On the engine was placed a pump, main reservoir, 
pump governor, air gage, a three-way cock, and the 
necessary piping to connect the parts. 

The pump compressed air into the main reservoir 
and this reservoir held the entire amount of air to 
be used for braking purposes on all the cars. 

The straight-air valve or three-way cock controlled 
the flow of air from the main reservoir to the train 
pipe, directly connected with the brake cylinders; 
from the train pipe to the atmosphere, and it also had 
a lap position in which all parts were blocked. 

Increasing the train-pipe pressure applied the 
brakes; reducing the pressure released them; with 
the automatic brake, the opposite is true, that is, a re- 
duction of train-pipe pressure applies the brakes and 
an increase of pressure causes them to release. When 
there is no air in the train pipe, the straight-air brake 
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12 New Yokk Air-Brake Catechism. 

is released ; with the automatic the train-pipe pressure 
is charged to a maximum when the brakes are not in 
use. 

The straight-air brake, owing to the slowness of its 
operation in long trains, the fact that a burst hose or 
broken train pipe would render it inoperative, and 
that severe jars which resulted in long trains owing to 
the head brakes applying so much ahead of those in 
the rear, was discarded for the plain automatic brake 
with which the braking power was stored in a special 
auxiliary reservoir located on each car. 



The Automatic Brake. 

Q. Where was the difference in the equipment 
between the straight-air and automatic brake made? 

A. Besides the train pipe and brake cylinder, a 
plain triple and an auxiliary reservoir were added 
to the car. 

Q. With the cars equipped with the automatic 
brake, what gain was made over the straight-air 
brake? 

A. (1) The necessary braking power, regard- 
less of the length of the train, was stored in the aux- 
iliary under each car for that car, so that the brakes 
could be full set very quickly compared to the action 
of the straight-air brake. (2) If the train broke in 
two or a hose burst, the triples would automatically 
apply the brakes, while with the straight-air the 
brakes could not be applied. 

Q. What was the essential feature of the auto- 
matic brake? 

A. The triple valve known as the plam triple. 

Q. Where was it located? 

A. On the car, at the junction of the train pipe, 
auxiliary, and brake cylinder. 

Q. Did the pump and three-way cock remain on 
the engine? 
A. Yes ; this was left for later development 

13 



Plain Triple. 

There are two types of New York plain triple 
valves, one with a graduating spring and one with- 
out; one with a poppet and the other with a slide 
valve graduating valve. 

The description following is of the type containing 
the graduating spring and the poppet type of gradu- 
ating valve. 

Q. Name the different parts of the plain triple 
(Fig. 1). 

A. 8, is the graduating post; 9, the graduating 
spring ; m and n are feed ports ; 5 is the triple piston ; 
6, the slide valve; 7, is the graduating valve which 
works inside the slide valve; 12, a piston-packing 
ring; 18, slide-valve spring; Y, the port leading to 
the auxiliary ; X leads to brake cylinder ; W leads to 
train-pipe pressure. 

Q. Of what use are 8 and 9 (Fig. 1)9 
A. In applying the brakes, when piston 5 moves 
out and touches the stem 8, held by the graduating 
spring 9 (Fig. 2), the piston is stopped, if a gradual 
reduction is being made on the train pipe, when the 
piston has drawn the slide valve down far enough to 
make a port connection between the auxiliary and 
cylinder. 

Q. If a quick reduction is being made on the train 
pipe, will the spring 9 stop the triple piston? 

14 
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16 New Yokk Air-Brake Catechism. 

A. No; a quick reduction causes the triple piston 
5 to move out quickly, and the sudden impact com- 
presses the spring 9, allowing the piston 5 to move 
out until it strikes gasket 11, to what is known as 
emergency position (Fig. 4). 

Q. 5 {Fig. 1) is called the triple piston. How is 
it actuated? 

A. Train pipe pressure is on the lower side of the 
piston and auxiliary pressure on the upper or slide- 
valve side. It is hy changing these pressures that 
the piston is moved. 

Q. What are the duties of the piston as it moves? 

A. To open and close the feed ports m and n (Fig. 
1) through which the train-pipe pressure flows into 
the auxiliary, to move the graduating valve 7 and the 
slide valve 6. 

Q. What is the duty of the graduating valve 7 
(Fig.l)? 

A. It is the small valve inside the slide valve, and 
its duty as it is moved backward and forward by the 
triple piston is to open and close the port p through 
which, in the service application, auxiliary pressure 
flows to the brake cylinder. 

Q. Does the graduating valve move every time 
the triple piston moves? 

A. Yes, because it is fastened to the stem of the 
piston by a pin which passes through both the gradu- 
ating valve and the stem of the triple piston. The pin 
is represented by the dotted lines running through 
the lower end of the graduating valve at right angles 
to it 
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18 New York Air-Brake Catechism. 

Q. Could we . get along without the graduating 
valve? 

A. Yes, but the sensitiveness of the triple would 
be destroyed. 

Q. How does the graduating valve make the 
triple sensitive? 

A. A reduction of train-pipe pressure causes the 
triple to assume service position, and after the auxil- 
iary pressure has expanded to a trifle below that in 
the train* pipe, piston 5 (Fig. 3) moves back and 
closes the graduating valve on its seat. Train-pipe 
pressure had simply to overcome the friction on the 
triple-piston packing ring to do this, but had we no 
graduating valve the train-pipe pressure would have 
had to be strong enough to overcome the additional 
friction of the slide valve to move it back far enough 
to close port p. When wishing to apply brakes 
harder, a heavier reduction would be necessary to 
again move the slide valve to service position. With 
the graduating valve, the slide valve is moved to 
service position with the first reduction, where it re- 
mains until the brake is released or in case the emerg- 
ency is used. 

Q. What are the duties of the slide valve? 

A. In the plain triple, when moved by the triple 
piston, it serves to make a connection between the 
auxiliary and the brake cylinder or between the brake 
cylinder and the atmosphere. 

Q. Does the slide valve move every time the 
piston moves? 

A. No; the slide valve will not move when the 
piston starts down until it has moved far enough for 
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20 New York Air-Brake Catechism. 

the lug just above the slide valve to strike the valve. 
The same, if the piston is down full stroke ; when it 
starts back the slide valve will not move until the 
piston has gone back far enough to seat the graduat- 
ing valve. 

Q. Of what use is the spring 18 (Fig. 1)? 

A. Its duty is to hold the slide valve on its seat 
and to prevent dirt from collecting there when there 
is no auxiliary pressure to hold the valve on its seat, 
as when the car is ' ' dry. ' ' 

Q. Why is this valve called the triple valve? 

A. Because it automatically does three things; 
charges the auxiliary, applies the brake, and releases 
it. 

Q. If an engine couples to a car that is not 
charged, how does the triple charge the auxiliary on 
the car when the hose is coupled and the angle cocks 
turned so as to allow the compressed air to flow into 
the train pipe on this car from the engine? 

A. A cross-over pipe from the main train pipe 
couples to the triple at W (Fig. 1). The pressure 
from the train pipe passes into the triple at W, 
through port c, as indicated by the arrow, into cavity 
B; thence through the feed ports m and n into the 
chamber where the slide valve moves and out into the 
auxiliary at Y. 

Q. How long does the air continue to flow into the 
auxiliary? 

A. Just as long as the train-pipe pressure is 
greater than that in the auxiliary, that is, until the 
pressures are equal on the two sides of the triple 
piston 5. 
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Q. How are the two sides of the piston referred 
to? 

A. The lower sicte, having train-pipe pressure on 
it, is called the train-pipe side of the piston, and the 
upper side, having auxiliary pressure on it, the auxi- 
liary or slide-valve side. 

Q. What is necessary to cause piston 5 (Fig. 1) 
to move from release position? 

A. Any reduction of train-pipe pressure ; a break 
in the hose; the use of his valve by the engineer to 
make a train-pipe reduction. 

Q. If a reduction of train-pipe pressure is made, 
hoiv does the triple respond? 

A. Auxiliary pressure now being greater forces 
the triple piston down. 

Q. What two things does the piston do when it 
starts to move down? 

A. It closes the feed grooves m and n and moves 
the graduating valve from its seat 

Q. Does the slide valve move as soon as the 
piston? 

A. No, not until the lug on the piston stem is 
drawn down far enough to rest against the slide valve. 

Q. What does the slide valve do as soon as the 
lug strikes and moves it down? 

A. It first closes the exhaust port g which in re- 
lease position connected the brake cylinder with the 
atmosphere through X, f, g, h, and k. 

Q. How far down does the triple piston travel? 
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A. Until the projecting stem of the piston strikes 
the stem 8 held by the graduating spring 9 (Fig. 2). 

Q. When these stems touch, how does the slide 
valve stand? 

A. Port p of the slide valve is in front of port f, 
and, as the graduating valve was pulled from its seat 
when the piston first moved, the auxiliary pressure is 
now free to pass into the slide valve through port I, 
called the service or graduating port, which leads 
into port p. The air passes through port f, and out 
through X to the brake cylinder. 

Q. How long does the graduating valve remain 
off its seat so as to allow auxiliary pressure to flow 
to the brake cylinder? 

A. We reduced the train-pipe pressure to 'allow 
the greater auxiliary pressure to move the piston 
down and open the service or graduating port p be- 
tween the auxiliary and cylinder. Just as long as 
the auxiliary pressure is greater, the piston will stay 
down and the graduating valve remain unseated. As 
the auxiliary pressure expands into the brake cylinder 
it gradually becomes less until, when the train-pipe 
pressure becomes enough greater than that in the 
auxiliary to overcome the friction on the packing ring 
12 (Fig. 3), the piston automatically moves back and 
seats the graduating valve. 

Q. Does the slide valve move? 
A. No, not now. 
Q. Why not? 

A. The train-pipe pressure was just strong 
enough to overcome the auxiliary, reservoir pressure 
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and the friction on the packing ring 12, move the 
piston back, and seat the graduating valve. With 
the ports all closed the piston would also have to 
compress the air in the auxiliary to go back any far- 
ther. Then, too, the pressure left in the auxiliary 
acting to force the slide valve on its seat produces a 
friction, if the valve were moved, that the train-pipe 
pressure as it stands is not sufficiently strong to over- 
come. 

Q. Hotv do the auxiliary and train-pipe pressures 
now stand? 

A. Practically equal, although the auxiliary pres- 
sure had to be a trifle less to allow the triple piston 
to be moved back sufficiently to seat the graduating 
valve. The difference in pressure would be so slight 
that the pressures would quickly equalize through a 
slight leakage by the triple-piston packing ring. 

Q. The brake is now partially applied and the 
triple is on ivhat is termed lap position; what must 
be done to apply the brake harder? 

A. Another reduction of train-pipe pressure must 
be made. 

Q. How does this set the brake tighter? 

A. The auxiliary pressure once more being 
stronger than that on the train pipe forces the triple 
piston down until it is again stopped by the graduat- 
ing post. This movement is just sufficient to unseat 
the graduating valve, the slide valve remaining 
where it was with its service port p (Fig. 2) in front 
of the brake cylinder. About the same amount of 
air pressure passes from the auxiliary to the cylinder 
as was taken from the train pipe, and the piston 
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once more having a trifle more pressure on the train 
pipe than on the auxiliary side moves back sufficiently 
to seat the graduating valve. 

Q. Hoic long can these train-pipe reductions con- 
tinue to be made and cause the brake to set harder? 

A. Until the pressures have finally equalized be- 
tween the auxiliary and the brake cylinder. 

Q. After the auxiliary and brake cylinder pres- 
sures were equal, ivould the brake set any harder if 
all train-pipe pressure were thrown to the atmos- 
phere? 

A. No ; when the brakes are full set the auxiliary 
and brake cylinder pressures are equal, and a further 
reduction of train-pipe pressure would only be a 
waste of air that the pump would have to replace in 
order to release the brakes. 

Q. If a further train-pipe reduction were made 
after the brake was full set, ivould piston 5 {Fig. 4) 
move any farther than until the piston cmd graduat- 
ing post touched? 

A. Yes; the spring 9 could not withstand the 
greater auxiliary pressure, as it is so much in excess 
of the reduced train-pipe pressure, and the piston 
would move down until it seated on gasket 11. In 
this position there would be a direct connection across 
the end of the slide valve between the auxiliary and 
brake . cylinder, but the brake would not set any 
tighter, as the auxiliary and brake-cylinder pressures 
were already equal. 

Q. The brake is now full set. What is necessary 
to release it? 
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A. It is necessary to have the pressure on the 
train-pipe side of the triple piston greater than that 
on its auxiliary side. 

Q. How is this done? 

A. By moving the handle of the engineer's valve 
so as to connect the pressure stored in the large main 
reservoir on the engine with the train pipe. Air 
flowing from the main reservoir into the train pipe 
causes the pressure on the train-pipe side of the triple 
piston to be sufficiently strong to overcome auxiliary 
pressure and friction of parts and force the triple 
piston to release position. 

Q. When the triple is forced to release position 
the slide amd graduating valves are carried with it. 
What two port openings are made in this position? 

A. One between the train pipe and auxiliary 
through the feed ports m and n (Fig. 1) ; and one 
from the brake cylinder to the atmosphere through 
ports f, g, h, and k. The triple is in release as shown 
in Fig. 1. 

Q. We notice that the feed grooves m cmd n {Fig. 
1.) are very small. How long would it take to charge 
an auxiliary from zero to seventy pounds with a 
constant pressure of seventy pounds on the train 
pipe? 

A. About seventy seconds ; and occasionally a lit- 
tle longer. 

Q. Will it charge more quickly than this ivith a 
greater pressure them seventy pounds on the train 



A. Yes, 
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Q. Had we a train of fifteen cars, could we charge 
the fifteen auxiliaries as fast as we could one? 

A. No, because we now have fifteen feed grooves 
in the triples drawing air from the train pipe, and 
the pump cannot compress air fast enough to keep 
the train-pipe pressure at seventy pounds. 

Q. Why not make these feed grooves larger so as 
to charge the auxiliaries more quickly? 

A. The purpose is to make the grooves sufficiently 
small that on a long train the auxiliaries will charge 
in equal time. On a long train there is a tendency 
for the head auxiliaries to charge faster than the rear 
ones, and especially if the triple-feed grooves are 
larger than those now used. 

Q. What is likely to happen if some auxiliaries 
charge faster than others? 

A. As the air is fed from the main reservoir back 
into the train pipe until those pressures are equal, and 
as the pump will not on a long train supply air as 
fast as the triple-feed grooves take it from the train 
pipe, it follows that the auxiliaries which charge the 
slower will continue to feed from the train pipe and 
cause a reduction that will set some of the head 
brakes. The tendency is always for the auxiliaries at 
tl-9 front of the train to charge quicker than those fur- 
ther back. 

Q. So far ive have spoken only of the action of the 
plain triple in the service application. What is the 
difference between the service and the emergency? 

A. In service the brakes apply gradually, while 
in emergency they go on very suddenly. 
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JTia. 4.— New Style Plain Triple Valve, Emergency Position. 
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Q. A gradual reduction applies the brakes in ser- 
vice. What kind of a reduction is necessary to set 
the brakes in emergency? 

A. A sudden reduction. 

Q. Describe the emergency action of the plain 
triple. 

A. The suddenness of the train-pipe reduction 
causes piston 5 (Fig. 4) to move down suddenly, 
striking the stem 8 a quick, sharp blow which the 
graduating spring 9 is not stiff enough to withstand. 
The piston travels down full stroke and bottoms on 
gasket 11. This is emergency position, and the slide 
valve has been drawn down so that air coming 
through Y from the auxiliary passes across the end 
of the slide valve directly into the large port / leading 
to the brake cylinder without first going through the 
small service port p in the slide valve, as it did in 
the service position. 

Q. Why does the brake set more quickly? 

A. Because the air goes direct to the cylinder 
through a larger port than is used in service. 

Q. Do we gain any more pressure with this plain 
triple in emergency than in full service? 

A. No ; in both cases the auxiliary pressure equal- 
izes with that in the brake cylinder, but in emergency 
these pressures equalize more quickly because of the 
air reaching the brake cylinder through a larger port. 

Q. Are plain triples still used? 
A. Yes, but they are used almost entirely on en- 
gines and tenders, 



PleJn Triple Valve. 

Q. Upon what equipment is the triple valve used 
which is shown in Figs. 5 and 6? 

A. In connection with 6 and 8-inch driver and 
tender brake cylinders. 
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Fig. 5.— Plain Triple Valve. 

Q. Name the different parts of this triple valve? 

A. 3 is the piston packing ring ; 9, the slide-valve 
spring; 11, the cap; 12, the gasket; 13, the drain 
plug; 14, the bracket; 16, the nipple; 26, the cap 
bolts ; 27, the triple valve body ; 29, the plug ; 38, the 
slide valve, commonly spoken of as the exhaust slide 
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valve ; 40, the triple piston ; 48, the graduating valve ; 
and 49, the graduating valve spring. . 

Q. Explain how this triple valve charges the auxi- 
liary reservoir® 

A. Air from the train pipe enters the chamber A 
and forcing it to the position shown in Fig. 5. It 
then passes through feed port b into chamber E and 
thence, as indicated, to the auxiliary reservoir. After 
a sufficient interval of time has elapsed port b will 
have, equalized the train pipe and the auxiliary press- 
ures. 

Q. Explain the operation of this triple valve in 
response to a gradual or service reduction of train- 
pipe pressure? 

A. A description of the operation of this valve 
under these conditions, aside from the action of the 
vent-valve piston, would be but a repetition of the 
description of the operation of the quick-action triple 
in response to a service reduction. This will be 
found in the chapter especially devoted to this triple. 
Fig. 6 shows the position of the parts in a service 
application. 

Q. How does this triple operate in response to a 
sudden or emergency reduction of train-pipe press- 
ure? 

A. A quicker movement of the parts results but 
the flow of air to the brake cylinder is the same as 
in a service application (Fig. 6). 

Q. All plain triple valves but this one have the 
service position controlled by a graduating spring, 
why is one not used uith this valve? 
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A. Because piston 40 cannot move beyond gasket 
12 in either a service or an emergency application of 
the brake, the same valves being used for either ap- 
plication. 

Q. If so desired, how can this valve be cut out? 

A. By means of a cut-out cock placed in the cross- 
over pipe extending from the main train pipe to the 
triple valve. 
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Q. If the exhaust slide valve leaks how may it b n 
detected? 

A. As the cavity of the slide valve is always over 
the exhaust port there will always be a leak at the 
exhaust of the triple when the brake is either applied 
or released if the seat of the slide valve is in poor 
condition. 
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Q. How is a leaky graduating valve detected? 

A. It only causes a leak at the exhaust port when 
the triple is in release position. It may leak in serv- 
ice position but the air passing by the valve passes to 
the brake cylinder where it can not escape since in 
this position the cavity of the exhaust valve 38 does 
not register with the port leading to the brake cylin- 
der. 

Q. What is likely to happen if the graduating 
valve leaks? 

A. When the triple is in service position this leak- 
age reduces auxiliary pressure and tends to release 
the brake. 

Q. What is the purpose of chamber G? 

A. It acts as a drain cup; any accumulation of 
moisture may be drained by removing the drain 
plug 13. 

Q. What would happen if any accumulation of 
moisture were not occasionally drained from cham- 
ber G9 

A. It might freeze in winter and expand into 
chamber A. The expansion, due to freezing, may 
crack the casting, and any ice in chamber A would 
not permit piston 40 to move sufficiently far to apply 
the brake; in striking the ice the piston stem would 
very likely be bent. 

Q. Why is it necessary to have the triple valve 
shown in Fig. 1? 

A. This valve is especially designed for use with 
large cylinders and reservoirs ; the ports in it are cor- 
respondingly large. 



The Quick-QLCtion Triple. 

Q. Why is the quick-action triple necessary on 
long trains? 

A. The plain triple was satisfactory so long as 
only the service application is used, but not so with 
the emergency application on a long train. In this 
latter case the head brakes would be full set so much 
sooner than those on the rear, that the slack of the 
train would run ahead and do great damage. 

Q. What two important advantages are gained by 
the quick-action triple? 

A. We are enabled to set the brakes throughout 
the train more quickly and before the slack has a 
chance to run ahead and do damage, thus permitting 
of a quicker stop and a higher safe speed for trains. 

Q. In the use of the service application, what is 
the difference between the results obtained with plain 
and the quick-action triples? 

A. None whatever; their action is practically the 
same. 

Q. Will these two kinds of triples scattered 
through a train work together properly in service ap- 
plications? 

A. Perfectly. 

Q. What does Fig. 7 illustrate? 

A. It shows the method of connecting the quick- 
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action triple valve, brake cylinder, and auxiliary res- 
ervoir in a passenger equipment 




Fia. 8.— Release Position. 



Q. Name the different parts of the quick-action 
triple valve (Fig. 8). 

A. 3 is the main piston ring; 9, the slide valve 
spring; 28, the strainer; 32, the drain plug; 38, the 
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slide valve, frequently spoken of as the exhaust slide 
valve ; 45, the vent valve piston ring ; 48, the graduat- 
ing valve; 49, the graduating valve spring; 71, 131, 
20, the vent valve complete; 117, the check valve; 118, 
the check valve spring ; 119, the check valve cap ; 125, 
the triple valve body; 126, the front cap; 128, the 
main piston ; 129, the vent valve piston ; 130, the vent 
valve seat ; 132, the vent valve spring ; 133, the main 
cylinder gasket; 134, the front cap gasket; 137, the 
quick-action valve piston; 138, 139, 20, the quick- 
action valve complete; 140, the quick-action valve 
spring ; 141, the quick-action valve cap ; and 142, the 
piston stop. 

Q. What do Figs. 8, 9, 10, and 11 represent? 

A. A diagrammatic representation of the quick- 
action triple valve in release, service, lap, and emerg- 
ency positions. They are for explanatory purposes 
only and serve to give a clearer understanding of 
the parts and ports, as well as the operation of the 
triple valve. 

Q. What parts of this triple are employed in the 
service application of the brake? 

A. The triple piston 128, exhaust slide valve 38, 
and the graduating valve 48. 

Q. How is the auxiliary reservoir charged? 

A. Air enters the triple valve from the train pipe 
(Fig. 8), as indicated by arrows, passes through the 
feed port B, through the slide-valve chamber and on 
to the auxiliary reservoir. 

Q. Of what use is the small port F (Fig. 8)? 

A. To charge chamber G with a pressure equal 
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to that in the train pipe and auxiliary reservoir, and 
to permit air to escape from this chamber during a g 
service application of the brake, as will be explained 
in detail hereafter. 
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Fio. 9.— Service Position. 



Q. Of what use is stop 142? 
A. To keep piston 129 from moving any farther 
to the right. 
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Q. Which in addition to piston 128 , graduating 
valve 48, and slide valve 38 are the parts of the triple 
Used in emergency? 




Fig. 10.— Lap Position, 



A. 129, 71, 132, 131, ports H and M, 137, port J, 
139, 138, 140, ports K and L, and check valve U7 
(see Fig. 11). 
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Q. When a gradual reduction of train-pipe press- 
ure has been made, how is the triple affected? 
A. As the train-pipe pressure is slowly reduced 




Fig. 11.— Emergency Position. 



(see Fig. 9), port F is sufficiently large to permit 
the air in chamber G to be gradually forced into the 
train pipe by the greater auxiliary pressure at th§ 
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right of piston 128, thus permitting piston 128 to 
move to the left without disturbing piston 129. As 
piston 128 moves out it closes the connection between 
the train pipe and the auxiliary reservoir by moving 
out past feed port B. When the lug on the piston 
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Fig. 12.— Side Section New Style Quick- Action Triple Valve 
for 8 and 10-Inch Cylinders. 



stem back of the exhaust slide valve 38 comes in con- 
tact with the valve, it is moved ahead, closing the 
connection between the brake cylinder and the atmos- 
phere. Just after the exhaust is closed the gradu- 
ating valve has been moved sufficiently to establish a 
port connection between chambers N and by mea»§ 
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of port p. The auxiliary reservoir pressure is now 
free to pass to tlie brake cylinder and force out tlie 
piston; it expands until such time as it is slightly 
less than that in the train pipe, at which time this 
pressure forces piston 128 back far enough so that the 
graduating valve closes port p leading to the brake 
cylinder. The triple is now in lap position (Fig. 
10). 

Q. Why does the piston stop?* 

A. Because port p being closed, train-pipe press- 
ure, if it forced piston 128 back any farther, would 
not only have to overcome the additional friction 
necessary to move the large slide valve 38, but would 
also have to overcome the auxiliary reservoir press- 
ure ; the train-pipe pressure is not sufficiently strong 
to do this, and the movement of the piston stops as 
described. 

Q. If another train-pipe reduction is made how 
does the triple respond? 

A. The auxiliary reservoir pressure, which is now 
greater, forces piston 128 out and it in turn draws the 
graduating valve 48 ahead sufficiently to again ex- 
pose port p leading to the brake cylinder. When 
auxiliary reservoir pressure expands, and again be- 
comes less than that in the train pipe, piston 128 and 
graduating valve 48 are again forced back to lap 
position. 

Q. In response to a reduction of train-pipe press- 
ure the exhaust slide valve 38 is moved out where it 
remains until when? 

At Until it is desired to release the brake, 
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Q. To release the brake the train-pipe pressure is 
increased, how does the triple valve respond? 

A. The train-pipe pressure, now being sufficiently 
great to overcome the auxiliary pressure and the fric- 
tion of the slide valve, forces piston 128 to the extreme 
right, in which position the exhaust slide valve is as 
shown in Fig. 8. In this position brake cylinder 
pressure can, as indicated, escape to the atmosphere 
through port x. Feed port B now connects the train 
pipe and the chamber leading to the auxiliary reser- 
voir ; hence this reservoir will be charged to a pressure 
equal to that in the train pipe. In this position port 
F again recharges chamber G. 

Q. Explain the effect of a sudden reduction of 
train-pipe pressure. 

A. Air from chamber G cannot feed through port 
F quickly and the sudden reduction permits the auxi- 
liary reservoir pressure to force pistons 128 and 129 
to the left before the air in chamber G has an oppor- 
tunity to escape (see Fig. 11). The stem of piston 
129 forces vent valve 71 from its seat, allowing train- 
pipe pressure to pass through port H and force piston 
137 to the right. The stem of piston 137 forces valve 
139 from its seat, allowing auxiliary reservoir press- 
ure to pass through the large port K and L, unseat 
check valve 117 and pass into the brake cylinder. 
Port J is uncovered when piston 137 is forced to the 
right and train-pipe pressure passes to the atmos- 
phere through ports M and J, thus making a sudden 
reduction of train-pipe pressure which starts the next 
triple into quick-action, this one starts the succeeding 
one, and so on throughout the train. Port p is also 
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uncovered and permits reservoir pressure to reach 
the brake cylinder as in the service application. 

Q. What causes piston 137 to again assume its 
normal position? 

A. When the vent valve 71 closes any pressure in 
front of piston 137 quickly escapes through ports M 
and J, at which time spring 140, aided by the auxili- 
ary reservoir pressure in passage K, forces piston 137 
to the position shown in Fig. 8. 

Q. How is the release of the brake accomplished? 
A. By increasing the train-pipe pressure the same 
as after a service application. 

Q. If a partial service application of the brake 
has been made can the emergency feature of the brake 
be brought into play? 

A. No. 

Q. Explain the answer to the previous question? 

A. The partial service application permits air to 
be forced from chamber G and thus destroys the rela- 
tive positions of pistons 128 and 129, and the latter 
cannot, in response to a sudden reduction of train- 
pipe pressure, be forced over so as to unseat vent 
valve 71 and thus produce the emergency action. 

Q. What do Figs. 12 and 13, 14 and 15 illustrate? 

A. They illustrate modifications made in the 
quick-action triple valve for the purpose of obtaining 
a quicker equalization between the auxiliary and 
brake cylinder in an emergency application of the 
brake. Figs. 12 and 13 show two views of the quick- 
action triple valve for use with 8-inch freight and 10- 
inch passenger equipment ; Figs. 14 and 15 show twq 
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views of the quick-action triple valve for use with 12 
and 14-inch passenger equipment. 

Q. Of what do the changes consist in the two triple 
valves? 

A. In both triples the port F has been removed 
from the vent valve piston to the stem of the piston ; 




Fig. 13.— End View op Fig. 12. 



in the triple for use with 12 and 14 inch cylinders 
the graduating valve has been placed on top of the 
exhaust slide valve instead of following it as in the 
former triples and in the present standard of quick- 
action triple valve for 8 and 10 inch cylinders. Port 
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M has been eliminated, the shape and position of port 
J (Fig. 13) has been changed and port N has been 
added, this latter port being restricted by the shape 
of the bushing. 




Fig. 14 —New Style Quick -Action Triple Valve for 
12 and 14-Inch Cylinders. 

Q. What is the object of changing port F from 
the piston to the stem? 

A. In an emergency application the vent valve 
piston is forced forward, and as the stem of the vent 
valve forms a fair fit in the vent valve seat 130 the air 
from chamber G escapes more slowly than formerly, 
thus tending to hold the vent valve from its seat 
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longer. This tends to permit more air to reach the 
emergency piston and this in turn tends to hold valve 
138 from its seat longer and permit auxiliary reser- 
voir and brake cylinder pressures to equalize more 
quickly. 




Fig. 15.— End View of Fig. 14 



Q. What is the idea of placing the graduating 
valve on top of the exhaust slide valve in the quick- 
action triple valve for 12 and 14 inch cylinders? 

A. To reduce the friction as much as possible. In 
the other forms of quick-action triple valves it is 
necessary, during a portion of the stroke, for the pis- 
ton to have to overcome the frictional resistance of 
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two slide valves. In the latest special triple valve it 
is never necessary for the piston to overcome the fric- 
tion of but one valve at a time. 

Q. In a service application of the brake does the 
triple piston always move out against the gasket 133? 

A. This movement may take place, but the travel 
of the piston depends upon the length of train. When 
the length of train pipe becomes such that the full 
service port opening can take air from the auxiliary 
reservoir faster than the brake valve can take it from 
the train pipe, the graduating slide valve is only 
moved sufficiently far to open the service port an 
amount that will reduce the reservoir pressure as fast 
as that in the train pipe is being reduced. 



Peculiarities* Troubles and Care of the Quick- 
action Triple VaJve. 

Q. What could wholly or partially stop the charg- 
ing of an auxiliary reservoir? 

A. The strainer in the train pipe where the cross- 
over pipe leading to the triple joins the main train 
pipe, or the strainer 28 in the triple (Fig. 8) being 
filled with dirt, scale, cinders or oil. The feed port 
B in the triple might be plugged, the triple might be 
cut out, or there might be a leak in the auxiliary 
which let the air out as fast as it came in. 

Q. If all of the auxiliaries did not charge alike, 
that is equally fast, what would be the effect? 

A. If we wished to apply the brakes very soon, 
the ones with the auxiliaries not fully charged would 
not respond to the first reduction of train-pipe pres- 
sure. 

Q. Will any other trouble result from the strain- 
ers being corroded or dirty? 

A. Yes ; we might not be able to make a sufficiently 
quick reduction on the triple piston to get quick 
action. 

Q. One triple going into quick action makes a sud- 
den train-pipe reduction, which starts the next triple, 
cmd that one the next, amd so on throughout the train. 
If five or six cars together in a train were cut out, 
had plai/n triples, or very dirty strainers, would the 
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triples back of these go into quick-action when the 
engineer made a sudden reduction? 

A. No, on account of the action of friction in the 
passage of the sudden reduction through the six-car 
lengths of pipe. The friction gradually destroys the 
suddenness of the reduction, and there is only a slight 
and gradual reduction on the train pipe back of the 
cars cut out. 

Q. What bad effect would result in such a case if 
the engineer did not continue making a reduction? 

A. The air coining ahead from the back of the 
train would kick off the head brakes. 

Q. Could these brakes in the rear of the train be 



A. Yes ; in service but not in emergency. 

Q. Water sometimes collects in cavity P of the 
triple* Where does it come from? 

A. It works back from the pump. 

Q. What bad effect will water have at this point? 

A. It is likely to freeze in winter and block the 
flow of air through the triple. 

Q. What should be done in such a case? 

A. Apply burning waste and, when thawed, re- 
move the drain plug 32 to remove the water, or the 
trouble will recur. 

Q. If or.e triple goes into quick-action, trill the 
rest go? 

A. Yes; as a sudden reduction is made on the 
train pipe through the emergency parts of the triple 
in this case. This sudden reduction starts the next, 
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and that the next, and so on throughout the train. 
This would not be true, however, on the cars where 
the triple pistons had reached service position. 

Q. What is the probable trouble with a brake 
which, wlaen set in service, will sometimes remain set 
and sometimes release? 

A. A dirty slide valve or graduating valve, which 
sometimes seats properly and at others not; in the 
latter case auxiliary pressure escapes to the brake 
cylinder and allows train-pipe pressure to force this 
triple to release position. 

Q. How may this defect be remedied? 

A. Remove the triple piston and attached parts, 
clean carefully, loosen the packing ring without re- 
moving, and rub a little oil on the slide valve bush and 
ring with the finger. 

Q. Why not pour on the oil? 

A. Too much oil is bad, as it collects dust, which 
with the oil forms gum. This causes the triple to 
stick. 

Q. What effect will a leak in the train pipe have if 
the brakes are not set? 

A. It will simply cause the pump to work harder 
to supply it. 

Q. What effect would the leak have if the brakes 
were set? 
A. It would cause them to apply harder. 

Q. Will the leak on the train pipe on a car cause 
only the brake on this car to apply harder, or will it 
affect all the brakes? 
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A. All, as the train pipe is continuous throughout 
the train. 

Q. What effect will a leak in an auxiliary have if 
the brakes are released? 

A. It will keep the pump at work the same as a 
train-pipe leak. 

Q. What effect would this leak have if the brakes 
were applied? 

A. It will leak the brake off on the car where the 
leak, is, and then, drawing air from the train pipe 
through the feed ports, it will gradually apply the 
other brakes harder. 

Q. What would cause a constant blow from the 
exhaust port? 

A. A leaky slide valve 38. 

Q. What ivould cause a constant blow through port 
M or J? 

A. A leak on the seat of valve 139 or 131, or check 
valve 117, if the brakes were applied. The first defect 
would probably cause a blow at port J and the latter 
ones at M. 

Q. Could a leak past valve 139, Fig. 8, cause a 
blow at other than ports J and M? 

A. Yes ; if a bad leak existed, the pressure could 
lift check 117, pass to the brake cylinder, and thence 
to the atmosphere if the triple valve were in release 
position. 

Q. What will be the effect of a leaky graduating 
valve? 

A. This will tend to cause a leak at the exhaust 
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port when the triple valve is in release position, and 
to release the brake when applied. 

Q. Why does the blow not continue after the brake 
is applied? 

A. Because the exhaust port is closed when the 
triple piston moves to service position. 

Q. Why will leakage by this valve tend to release 
the brake? 

A. Because it reduces the auxiliary reservoir pres- 
sure to the still lower brake-cylinder pressure, thus 
permitting the greater train-pipe pressure to force the 
triple piston to release position. 

Q. Will a graduating valve that leaks always re- 
lease a brake? 

A. No; this depends upon how much leakage 
there is, and upon the condition of the packing ring 
in the triple piston. If this ring leaks sufficiently to 
permit air to feed from the train pipe to the reservoir 
as fast as it is leaking from the reservoir, the leakage 
by the graduating valve will have no other effect than 
to gradually take air from the train pipe, tending to 
apply the other brakes harder. 

<?. What trouble irould result if port F became 
corroded so that the pressure in chamber G coidd not 
feed into the train pipe as fast as a gradual reduction 
of train-pipe pressure was being made? 

A. Piston 129 would be forced out as in emer- 
gency, and throw the whole train into quick action. 

<?. What effect would result if check valve 117 
leaked? 
A. When the brakes were applied either in service 
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or emergency, air from the brake cylinder would feed 
by the check valve into port L, by the stem of piston 
137 and to the atmosphere through port J. The leak- 
age would tend to gradually release the brake on this 
particular car the same as if the packing leather 
leaked in the brake cylinder. 

Q. Will braking power be lost if train-pipe reduc- 
tions are continued after the brakes are full set? 

A. It is likely to be lost very slowly, on cars that 
have been in service for some time, and which have 
not been well maintained. 

Q. Explain this last cmswer. 

A. When the train-pipe reduction has been con- 
tinued after the reservoir and cylinder pressures have 
become equalized, the auxiliary and brake cylinder 
pressures will be directly connected, and any air that 
can leak by piston 128 into the train pipe represents 
so much of a loss in braking power. If valve 117 or 
139 leaked under these conditions, there would be an 
additional loss of braking power due to back leakage. 

Q. What effect would be noticed if valve 139 
leaked? 

A. There would bg a constant escape of air at port 
J, which would keep the pump working when the 
brakes were not applied. When they were applied, 
the leakage of auxiliary pressure would release the 
brake on this car. When this brake released, the feed 
groove would supply the leak, thus causing a train- 
pipe reduction, which would help to creep the other 
brakes on harder. 

Q. Does this triple apply the brakes any harder 
in emergency than in the service application? 



54 New York Air-Brake Catechism. 

A. No; the brake is not applied any harder, but 
it is applied more quickly, owing to the use of two sets 
of ports, the one controlled by the emergency parts 
being comparatively large, thus permitting of a quick 
passage cf air from the auxiliary to the brake cylin- 
der. With this triple valve train-pipe pressure is 
vented to the atmosphere in emergency instead of to 
the brake cylinder. 

Q. What is most often responsible for the emer- 
gency application of the brake in response to a grad- 
ual or service reduction of train-pipe pressure? 

A. A dirty triple valve; one which sticks and 
operates in jumps. 

Q. Are passenger and freight triple valves the 
same? 

A. No ; the ports correspond with the size of brake 
cylinder with which they are to be used. 

Q. How may the tivo triples be distinguished from 
each other? 
A. A letter P is cast on the passenger triple valve. 

Q. After an emergency application of the brakes, 
ivhy is it that occasionally one of the brakes will 
stick, and tend to stick all of the other brakes, when 
an attempt is made to release? 

A. This is caused by the vent valve sticking open, 
thus causing the air to be taken from the train-pipe 
faster than it can be supplied. 

Q. What should be done in such a case? 

A. Locate the faulty triple by the blow at the 
vent port, and, if jarring will not cause the blow to 
cease, the brake on this car should be cut out. 



Engineers 9 Brake Valves. 

In the description of the two latest types of brake 
valves all views are not repeated where the corres- 
ponding views are alike, as are the horizontal outside 
views of the valves (Figs. 16, 17, and 19) and the 
supplementary reservoir, Fig. 23. 

The chief changes in the 1902 valve, as compared 
with the previous valve, consist in the addition of the 
ball-check valve 183 (Fig. 29), the vent valve 180, 
the addition of port (Figs. 27 and 29), also of cav- 
ity P (Fig. 25) in the slide valve, and a modification 
in the shape of ports T. 

The views of the 1902 model brake valve showing 
release, running, lap, beginning of service, service 
graduation, and emergency positions also illustrate 
the corresponding position of the parts in the earlier 
valve. 

Q. Name the different positions of the brake 
valve and explain their uses. 

A. Release position is the extreme position of han- 
dle 123 to the right (Fig. 29). This position is used 
to release brakes and to obtain a quick recharge ; if 
the brake-valve handle is left in this position, the train 
pipe and the auxiliary reservoirs will be charged with 
a pressure equal to that carried in the main reservoir. 

Running position is the next one to the left, the 
position of the handle as shown in Fig. 30. This is 
the position used when the brakes are inoperative, as 
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whsn the engine is using steam. In this position an 
excess pressure of 20 pounds will be carried in the 
main reservoir. 

Lap position is the next one toward emergency posi- 
tion (Fig. 31). In this position all ports are blanked 




toa* 



To Main Reservoir 

Fig. 16.— Running Position 



except port 0, which is open through cavity P to the 
atmosphere. 

The service graduating positions are the five 
notches as indicated in Figs. 17 and 32. With the 
brake-valve handle in any ox these notches a gradual 
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or service reduction of train-pipe pressure will be 
made. 

With trains of five cars or less the first service 
notch is used for the first reduction ; to obtain heavier 
reduction the handle is moved to the successive 
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To Train Pipe 

Pig. 17.— Running Position. 

notches. With longer trains the second notch should 
be used for the initial reduction. 

The emergency position is that at the extreme left 
(Fig. 34). This position is used when it is desired to 
obtain a sudden application of the brakes, as in an 
actual case of danger. 
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Q. Name the different parts of the older form of 
valve (Figs. 18 and 20). 

A. 90 is the feed valve spring ; 96, oil plugs ; 97, 
feed or excess pressure valve; 10L4, valve body; 
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Train Pipo 

Fia. 18.— Running Position. 

102^4, back cap; 104.4, equalizing piston; 110, grad- 
uating valve; 111, graduating valve spring; 112, 
graduating valve lever; 113, fulcrum pin; 114.4, main 
slide valve; 115^4, valve cover; 116, connecting links 
117, link pins; 118, slide-valve lever; 120, lever shaft 
121 (Fig. 20), lever shaft packing; 123, valve handle 
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124, quadrant; 155 (Fig. 23), supplementary reser- 
voir, and 172, the quadrant latch. 

Q. What pressure is in chamber A on the right of 
piston 104 A (Fig. 18)? 
A. Train-pipe pressure. 
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Reservoir 

Fig. 19.— Ent> View. 



Q. What pressure is on the left of piston 104 A? 
A. Chamber D pressure. It is connected with the 
supplementary reservoir, Fig. 23. 
Q. What pressure is in chamber Bf 
Ar Main reservoir pressure. 
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Q. How is the graduating valve 110 operated, and 
of what use is it? 
A. The valve is controlled by lever 112, fulcrum 





To Main To Train Pipe 
Reservoir 

Fig. 20.— End. Section. 



To Train Pipe To Main 
Reservoir 

Fig. 21.— End Section. 



at 113. The movement of lever 112, fastened to the 
stem of the piston 104.4, is controlled by the move- 
ment of the piston. It stops the escape of train-pipe 
pressure at the proper time during a service applica- 
tion. 

Q. How is piston 104A actuated? 
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A. Its movement is the result of the change of 
pressures on either side of it; that on the right is 
train-pipe pressure, and that at the left is supple- 
mentary reservoir pressure (Fig. 23). 

Q. Of uhat use is port H in the valve seat (Fig. 
21)? 

A. It connects with another port H which runs 
the length of the body (Fig. 24). One end of the port 
is connected with the supplementary reservoir (Fig. 
23), and the other at the left of piston 104^4. 
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Fig. 22. - Face of Slide 
Valve. 



Fig. 23.— Supplementary 
Reservoir. 



Q. In ivhat position is the valve as shown in Figs. 
18 and 30? 
A. Running position. 

Q. Explain running position. 

A. In this position the ports F, G, and K are 
closed and we have a communication between the 
main reservoir and train pipe. Air feeds into the" 
valve from the main reservoir (Fig. 16) into cavity 
B (Figs. 18 and 20). When the pressure in the main 
reservoir is enough greater than that in the train pipe 
to compress spring 90 (Fig. 20), the valve 97 is forced 
from its seat and air passes into chamber E. 

Looking at E in Fig. 18, we see that the air is free 
to pass into port M and down into the train pipe or 
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chamber A. Valve 97 and spring 90 give us our ex- 
cess pressure in this position. Port J (Figs. 21 and 
22) is so placed in the slide valve that in running posi- 
tion it is directly over chamber A and port H. We 
thus have Loth sides of piston 104^1 connected. 

Q. Explain lap position. 

A. Lap is the position beyond running toward 
emergency (Fig. 31). The slide valve is moved suf- 
ficiently to close the communication between the main 
reservoir and train pipe by shutting off port M from 




To Small Reservoir 155 



Fig. 21.— Top Section. 

chamber A; but, as described in running position, 
chamber A and the supplementary reservoir are con- 
nected through port J. 

Q. Explain service position. 

A. The valve is in service position when the latch 
is in one of the graduating notches marked service 
(Fig. 17), and the parts are shown in service position 
in Fig. 32. Before reaching this position tho connec- 
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tion between chambers A and D through ports J and 
// was closed. In service position the slide valve 
1144 is moved far enough to the right so that port 
F (Fig. 22) is over chamber A. Train-pipe pressure 
passes from chamber A through port F and the cavity 
of the slide valve 1144, thence through port G f which 
is now over port C, and out to the atmosphere (Fig. 
32). 

No air has been taken from chamber D, and when 
the train-pipe pressure in chamber A has been re- 
duced so that the pressure in chamber D is sufficiently 
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strong, it forces piston 1044 to the right until the top 
of lever 112 has moved the graduating valve 110 far 
enough to the left to close port F. By the time the 
graduating valve has closed port F (Fig. 33), the 
pressure in chamber D has expanded sufficiently to 
make it equal with that in the train pipe or chamber 
A . When the valve latch has been placed in one of 
the graduating notches it should be left there until 
another reduction is desired, when it is again moved 
toward emergency position according to the reduc- 
tion desired. 

Q. If, on account of a temporary derangement, 
the graduating valve will not cut off when placed in 
a service notch, what should be done? 
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A. When the desired amount of train-pipe reduc- 
tion has been obtained, the brake- valve handle should 
be moved toward lap position until the discharge of 



air ceases. 



Q. Which service notch is used ivhen making the 
first reduction? 

A. With five cars or less it is customary to use 
the first notch; on a longer train, or on a heavily- 
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Fia. 27.— End Section. 



Fio. 23 —End Section. 



loaded freight train, the second notch may be used, 
and the valve handle is placed in the other service 
notches according to the amount of braking power 
desired. 

Q. Explain emergency position. 

A. In emergency position the slide valve has been 
moved to the extreme left, and the parts of the valve 
are in the position shown in Pig. 34. With the valve 
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in this position, air passes from chamber A through 
the large ports J, K (Figs. 22 and 34), and through 




fTWi 



Fig. 29.— Release Positooh. 

port C to the atmosphere, thus making a sudden re- 
duction that causes the triple valves to respond in 
quick-action. 
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Q. Explain quick-release position. 
A. When the handle is moved to quick-release 
position (Fig. 29), the slide valve 1144 (Fig. 22) is 




Fia. 80.— Running Position, 
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Carried to the extreme right and air passes direct from 
cavity B (main reservoir pressure) by the end of the 
slide valve into chamber A, or train-pipe pressure, 
also into chamber E and theilce to the governor. In 
this position air in chamber D passes through ports 




129 



Fig. 31.— Lap Position. 
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H, J, and K into cavity C and out to the atmosphere ; 
chamber D is thus emptied. With no pressure in 
chamber D the train-pipe pressure in chamber A 
forces piston 1044 to the extreme left 




Fig. 82— Service Graduating Position. 
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Q. What should be done when the valve is placed 
in release position? 
A. It should be left there long enough to permit 




Fig. 83.— Automatic Lap Position, 
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all the air in chamber D to escape or piston 1044 will 
not be moved to its proper position at the left (Fig, 
18). 

Q. What should be done before applying the brake 
after the valve has been returned to running position? 

A. Leave the valve handle in running position 
long enough to charge chamber D or supplementary 
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reservoir 155 (Fig. 23), which is connected to the 
brake valve as indicated in Fig. 16. 

Q. What will happen if the valve is moved to 
service position direct from full release? 

A. There will be no air in chamber D to force pis- 
ton 1044 to the left and cause the graduating valve 
110 to close port F. As a result the brakes will apply 
with a full service application. 

Q. What is the object of port N in the slide valve 
{Fig. 22)? 

A. In some of the very first forms of slide valve 
this port was not used, with the result that the brake- 
valve handle could be placed in a false lap position be- 
tween release and running in which no air could reach 
the train pipe to supply leakage and charge the auxil- 
iary reservoirs. This was a dangerous position which 
has been eliminated by inserting the port N as shown 
in Figs. 22 and 25. 

Q. By what pressure is the pump governed? 
A. This point is explained in the chapter on the 
pump governor. 



Peculiarities and Troubles of the Brake Valve. 

Q. With this valve, will the pump stop before 
boiler pressure is obtained if the handle of the valve 
is left in service position? 

A. Yes. 

Q. Why? 

A. Because the pump governor is piped to cham- 
ber E (Figs. 17 and 20), and this is charged, even the 
brakes are applied, since main reservoir pressure is 
always free to pass into chamber E when strong 
enough to force valve 97 from its seat. 

Q. What would result from dirt on the seat of 
valve 97? 

A. We would get no excess pressure, and the pump 
would not start to work after it stopped until both 
main reservoir and train-pipe pressure leaked below 
70 pounds. This is because the dirt on the seat of the 
excess pressure valve permits the train pipe and main 
reservoir pressures to run together. Under these con- 
ditions a prompt release and recharge could not be 
accomplished. 

Q. What would result if spring 90 had too much 
tension? 

. A. We would obtain more than 20 pounds excess 
pressure. 

Q. What if it were too weak? 
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A. We would obtain too little excess pressure, and 
brakes would be liable to stick when making a release 
on a long train. 

Q.. What effect would be noticed if the seat of 
slide valve lldA leaked? 

A. We might not be able to obtain any excess pres- 
sure, and after the brakes were applied the leak would 
tend to release them. Lap position would also be de- 
stroyed if the leak were bad ; such a defect, however, 
would be noticeable only on a short train, as the leaks 
on a long train would counteract the defect. 

Q. What should be done if the handle 123 (Fig. 
18) works hard? 

A. Remove the oil plug 96 (Fig. 18) when there 
is no main reservoir pressure and drop a little oil on 
the valve seat when valve 1144 is at its extreme posi- 
tions to the left and right. 

Q. How much tram-pipe reduction ivill be made 
if the last service notch Is used? 
A. From 23 to 25 pounds. 

Q. If a 10-pound reduction of train-pipe pressure 
were made, and the brakes were released by placing 
the brake valve handle in running position, how would 
the brakes respond when the valve was agam placed in 
the service notch? 

A. No response whatever will ensue until the 
brake-valve handle has been placed in the notch be- 
yond the one used to make the 10-pound reduction. 

Q. Why is this so? 

A. Owing to the fact that the train pipe was re- 
charged without permitting the pressure in chamber 
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D to escape, the piston 104.4 and the graduating 
valve 110 were not moved to their normal positions, 
and the service port cannot be opened until the brake- 
valve handle has been moved as already described. 

Q~ How can it be ascertained if the slide valve 
114A leaks? 

A. Make a light service reduction with engine 
alone and watch the black gage hand ; if it rises the 
slide valve is leaking. 

Q. What effect will be produced if the packing 
leather in piston 104A leaks? 

A. The train-pipe exhaust will not close off prop- 
erly when the brake-valve handle has been placed in 
a service notch. 

Q. Could a leak at amy other point produce this 
effect? 

A. Yes; a leakage at any of the joints between 
chamber D and the supplementary reservoir would 
produce the same effect, but the trouble will usually be 
found in the piston leather. 

Q. What could an engineer do in case the train- 
pipe exhaust tvould not quite close? 

A. Move the brake-valve handle slightly toward 
lap position. 

Q. What test will usually decide if this leather is 
leaking? 

A. Aside from the action of the valve as just de- 
scribed, the following test can be made: Place the 
• brake-valve handle in emergency position, turn the 
cut-out cock under the brake valve and place the valve 
handle in one of the service notches. If the black 
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gage hand rises the packing leather leaks, if the slide 
valve and joints are known to be tight. A test to de- 
termine these points should be made before testing 
the leather. 

Q. How can the excess pressure valve be removed? 

A. By closing the cut-out cock under the brake 
valve, draining the main reservoir, and removing the 
cap 98. 

Q. What may cause a slow recharge when the 
brake valve is in release position? 
. A. Any lost motion on the inner end of the handle 
shaft and in the links and pins between the handle 
and the slide valve 11-44. 

Q. In the older type of valve, what has been known 
to happen due to the jar of the engine? 

A. The equalizing piston has been jarred to the 
right, moving the graduating valve so that the proper 
service response would not be obtained when the 
brake-valve handle was placed in a service notch. 

Q. Could this occur with the latest type of brake 
valve? 

A. No ; if in release, running, or lap positions the 
piston was jarred to the right, port 0, connected with 
the atmosphere in these positions, would discharge 
pressure from chamber D to the atmosphere and train- 
pipe pressure at the right of the piston would again 
force it to its normal' position at the left. 



1902 Model Brake Valve. 

Q. Name the additional parts of this valve not 
found in the former type of valve. 

A. 105A (Fig. 29) is the follower; 184, the ball 
check valve ; 179, the check valve cap ; 180, the vent 
valve ; 181, the follower cap nut ; 182, the vent valve 
spring ; and 183, the cotter pin. 

Q. Port H, shown only on end view in the cuts of 
1902 valve, but shown in Fig. 24, has what duties to 
perform? 

A. It serves to charge the supplementary reservoir 
and connect this reservoir with chamber D, but does 
not connect with port J as shown in Fig. 27. It begins 
in chamber D, extends back lengthwise of the valve 
(Fig. 24), and as shown at 155 (Fig. 16) has a con- 
nection which is piped to the small or supplementary 
reservoir. 

Q. Where does port lead? 

A. As shown in Figs. 27 and 28 it leads up into 
the cover 115.4, and from this point it is drilled back 
where it connects with a port in the valve seat. In 
release position it is connected with the atmosphere 
through port J in the slide valve and the exhaust port 
C in its seat. In running and lap positions port 
leads to cavity P in the slide valve (Fig. 25) which 
connects with exhaust port C (Fig. 29), 
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• Q. What is the duty of port Of 

A. At the time the brakes are released it is neces- 
sary to return the equalizing" piston to its normal posi- 
tion at the left (Fig. 29). In order to do this it is 
necessary to discharge the air at the left of the equal- 
izing piston to the atmosphere. As just described, 
port leads to the atmosphere in release, running 
and lap positions; consequently the air will be dis- 
charged to the atmosphere in any of these positions, 
and the train-pipe pressure in chamber A will force 
the piston to its normal position. 

Q. As soon as the piston is in its normal position 
vent valve 180 is seated. What happens now? 

A. With no pressure in chamber D there is no air 
above the ball check valve 184 to hold it to its seat, 
and train-pipe pressure in chamber A lifts the check 
valve, passes through the small ports of the piston 
into chamber D, and out through port H } connected 
with chamber D, to the small or supplementary reser- 
voir, charging chamber D and the supplementary 
reservoir to a pressure equal to that in the train pipe. 

Q. When a reduction of train-pipe pressure is 
made can pressure in chamber D feed back into the 
train pipe? 

A. No; the train-pipe pressure being less than 
that in chamber D, permits the pressure in this cham- 
ber to hold the check valve to its seat. 

Q. What advantages are gained with this valve? 

A. The equalizing piston will be forced to its nor- 
mal position in release, running or lap positions and, 
in either of these positions, the equalizing reservoir 
can be recharged? 
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Q. If a 10-pound reduction be made with the older 
type of valve and a release is made in running posi- 
tion, no action of the graduating feature could be ob- 
tained in a service notch until the brake-valve hcmdle 
had been moved beyond the service notch which had 
been used before, since the graduating valve, remained 
in this position owing to the fact that chamber D 
pressure was not exhausted to the atmosphere in run- 
ning position. 

Q. Could this action occur with the 1902 valve? 

A. No; since port is connected with the 
atmosphere in release, running, and lap positions, and 
the discharge of chamber D. pressure to the atmo- 
sphere would return the piston to its normal posi- 
tion. 

Q. What would happen if dirt accumulated on the 
seat of the vent valve 180? 

A. It would simply be a slight leak which would 
be supplied by air that would feed by the ball check 
valve 184 from the train pipe. 

Q. What would result if dirt or gum accumulated 
on the seat of the ball check valve 184? 

A. When a reduction of train-pipe pressure was 
made, the tendency would be for air from chamber D 
to feed back into the train pipe and destroy the gradu- 
ating feature of the valve. The effect would be the 
same as a poor packing leather 107 (Fig. 29) or gas- 
ket 167. 

What was said of the peculiarities of the former 
type of brake valve also refers to the 1902 model, with 
the exceptions noted, but the peculiarities given under 
the head of the 1902 model valve refer to it alone. 



Old-Style New York Engineer's Brake Valve. 

Q. What pressure is in cavity 31 above piston 32 
{Fig. 36)? 

A. Train-pipe pressure. 

Q. What pressure is below piston 32? 

A. Main reservoir pressure. Air feeds in from 
the main reservoir through the hole to the right of 
piston 32 into the cavity below the piston. 

Q. Of what use is the spring 33? 

A. The tension of this spring acting on the system 
of levers is such that the downward action of the 
spring and levers on piston 32, combined with the 
train-pipe pressure above the piston, just balances the 
main reservoir pressure acting under it. 

Q. What would happen if piston 32 were raised? 

A. The higher the piston rose, the shorter (hori- 
zontally) would be the lever arm 34, and the greater 
would be the lever arm 36 below the fulcrum 46, on 
which the spring 33 exerts its power. Therefore, the 
higher piston 32 rose, the more resistance it would 
meet, due to spring 33 acting on the increasing lever- 
age. 

Q. Of what use are the five different positions? 
A. The same as the positions described with the 
other brake valve. 

Q. What position of the valve is shoivn in Fig. 36? 
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A. Running position. 

Q. Explain full release position. 

A. When the handle 50 is moved to this position, 




Old Style Brake Valve 81 

the eccentric pin 44 is lowered from its position in the 
cut. This causes the link 66 to exert a downward pull 
on the lever fulcrumed at 47, and lowers the right 
end of lever 67 so that it clears the lifting pin of valve 
42, and train-pipe pressure holds this valve to its seat. 
As link 66 is lowered, the lever 65 is raised, and this 
forces the main feed valve 64 from its seat, allowing 
main reservoir pressure to feed direct to the train- 
pipe or chamber 31. Main reservoir pressure is con- 
nected direct with the cavity above valve 64, as shown 
by the dotted lines in Fig. 35. 

Q. Explain running position. 

A. Moving handle 50 to running position, we have 
the position of the valve as shown in Fig. 36. The 
eccentric pin has been raised so that the valve 64 is 
closed, but the feed valve 70 still remains unseated. 
For main reservoir pressure to reach the train pipe 
it now has to force valve 68 from its seat, and pass 
down by the feed valve 70 into the train pipe. The 
spring 69 has a tension of 20 pounds, therefore the 
main reservoir pressure must be 20 pounds in excess 
of that in the train pipe before it can feed by valve 68. 
It is this spring that gives us our excess pressure. 

Q. Explain lap position. 

A. The movement of handle 50 to lap position 
raises the eccentric pin just enough for the lever 65 
to lower valve 70 to its seat, and the main reservoir 
pressure is shut off entirely from the train pipe. 

Q. Explain the service position. 

A. Moving handle 50 to service position, raises 
the eccentric pin far enough to cause the right end 
of lever 67 to unseat valve 42, allowing train-pipe 
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RUNNING POSITION 
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pressure to escape to the atmosphere. As train-pipe 
pressure is reduced above piston 32, the main reser- 
voir pressure gradually raises it an amount governed 
by the reduction made above piston 32. The pin 44 
remains stationary and as piston 32 rises it lifts the 
left end of lever 67 and lowers the right end, allowing 
valve 42 to seat. If another service reduction is 
desired, the handle 50 is again moved toward emerg- 
ency position sufficiently to raise valve from its seat, 
and again piston 32 will be raised automatically and 
seat valve 42. It is in this that we see the use of 
spring 33 and the levers, the operation of which we 
have already considered. 

Q. Explain the emergency position. 

A. When handle 50 is moved to emergency posi- 
tion the pin 45 is lifted so high that the lever 67 raises 
valve 42 up full stroke, causing a sudden train-pipe 
reduction which causes the triples to respond in quick- 
action. 

Q. With brake valve handle in emergency posi- 
tion, can piston 32 raise sufficiently high to close 
valve 42? 

A. No. 



Troubles *vnd Peculiarities of the Old-Style 
Engineer's Brake Valve. 

Q. What is the probable trouble if too much or toe 
little excess pressure is obtained with the brake valve 
hi running position? 

A. In the first case spring 69 would be too strong, 
while in the second it would be too weak. 

Q. In the running position what could prevent our 
having any excess pressure? 

A. Dirt or a poor seat on valve 68, a leak by valve 
64 or piston 32. 

Q. What would destroy lap position? 

A. Dirt on the seat of valve 70. In such a case 
pressure would continue to feed into the train pipe, 
and if the brakes were applied, the increase in train- 
pipe pressure would release them. 

Q. What is the probable cause if air does not feed 
through fast enough to release brakes quickly with 
the brake valve in release position? 

A. It is likely that the strainer in the main reser- 
voir connection is partly or entirely filled with dirt. 

Q. What would result if spring 33 were broken? 

A. Piston 32 would rise so high that it would be 
difficult to apply the brakes with the service applica- 
tion, and we might not be able to get the emergency 
at all, as valve 42 could not be raised sufficiently high 
from its seat. 

84 
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Q. What effect will a leak on the seat of valve 42 
have? 

A. It will keep the pump working to supply it 
when the brakes are not applied, and, after they are 
applied, the leakage will cause the brakes to creep on 
harder. 

Q. What would result if link 65 or 66 were broken? 

A. The brakes could not be released. 

Q. What tvould result if the levers below piston 32 
ivere broken or disconnected? 

A. Piston 32 would rise so high that it would be 
doubtful if the brakes could be applied, especially on 
a long train, and the emergency would be destroyed 
entirely. 

Q. What, effect would excessive wear on 65, where 
valve 70 rests, produce? 

A. Kunning position would be destroyed if the 
wear were sufficient for valve 70 not to be held from 
its seat In full release position valve 64 would not 
be raised the proper amount, and air would not enter 
the train pipe so fast from the main reservoir. The 
handle would need to be moved a little past running 
position toward full release to get valve 70 unseated 
and have the conditions of running position. 

Q. If the valve is in a very warm place what 
should be done? 

A. The leather 73 should be oiled sufficiently often 
to keep it from cracking. 

Q. Of what use is plug 40? 

A. To drain off any accumulation of water. 

Q. What would result if packing 73 dried out? 
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A. Main reservoir and train-pipe pressure would 
equalize and the equalizing feature of the valve would 
be destroyed. 

Q. What would happen if the packing leather 73 
dried out? 

A. Main reservoir and train-pipe pressures would 
equalize, and the equalizing feature of the brake valve 
would be destroyed. 

Q. With this valve the pump governor was con- 
trolled by train-pipe pressure; what would occur when 
the brake ivas applied and the handle was on lap? 

A. The train-pipe pressure being below 70 pounds, 
there would not be sufficient pressure to operate the 
pump governor, and the pump would continue to 
operate as long as the brake-valve handle was on lap, 
or at least until the main reservoir pressure was prac- 
tically equal to that in the boiler. 

Q. Could this high pressure not be avoided in any 
way? 
A. Only by partly closing the pump throttle. 

Q. How is this trouble overcome with the present 
valve? 

A. By connecting the pump governor to chamber 
E or by using a duplex governor, one head of which 
is connected to train-pipe pressure and the other to 
main reservoir pressure. In this way it is impossible 
to obtain too high a pressure, 



Air Pumps. 

Q. Hoiv many sizes of New York pumps are manu- 
factured? 

A. Two, known as the No. 1 Duplex and the No. 2 
Duplex. 

Q. For what service is each intended? 

A. The small one is recommended for light 
engines ; and the No. 2," or the larger pump, for heavy 
engines. 

Q. Are the two pumps alike in construction? 

A. The principle and location of the parts are 
identical. The only difference is in the size of the 
parts and ports. 

Q. Give the names of the different parts of the 
pumps? 

A. 5 and 6 are the reversing slide valves ; 7 and 8 
are the reversing slide-valve rods ; 31 and 32, the air 
pistons; 21 and 22, the steam pistons; 9 and 10 are 
receiving valves for the low-pressure cylinder 4; 
9, 10, 11, and 12 act as receiving valves for cylinder 3, 
11 and 12 as discharge valves for cylinder 4; 13 and 
14 are discharge valves for the high-pressure cylin- 
der 3. 

Q. What are the diameters of the cylinders in the 
small pump? 

A. The two steam cylinders and the high-pressure 
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Fig. 37— Duplex Pump Horizontal Section. 
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air cylinder are each 5 inches in diameter. That of 
the low-pressure air cylinder is 7 inches. 

Q. What are the corresponding cylinder diameters 
in the large pump? 
A. 7 and 10 inches. 

Q. What pressure is always in the reversing slide 
valve chambers just below Figs. 16 and 17? 

A. The steam pressure admitted from the boiler 
by the pump governor. 

Q. What controls the passage of steam from these 
chambers? 

A. The reversing valves 5 and 6 operated by the 
reversing rods 7 and 8. 

Q. Where does port 19 lead? 

A. From one reversing slide-valve chamber to the 
other, as shown by the dotted lines (Fig. 37). 

In the explanation of the working of the pump we 
will consider it as being started when both pistons 
are at the extreme upper end of their strokes ; with the 
pump in this position both reversing slide valves are 
also at the top of their strokes. 

Q. Explain the passage of steam with the revers- 
ing slide valves in this position. 

A. Port 27 is exposed, allowing steam to pass from 
the reversing slide valve chamber at the right, through 
port 27 into the lower end of cylinder 1 beneath the 
steam piston 22, and any steam above this piston could 
pass through ports 25, 24, 23, through the exhaust 
cavity of valve 6 and to the atmosphere through the 
exhaust port. 

The steam in the reversing slide-valve chamber at 
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the left would pass through ports 28, 29, and 30, to 
the upper side of piston 21, and any steam on its 
under side would pass through ports 26, the exhaust 
cavity of valve 5, and out to the atmosphere through 
the exhaust port. 

Q. We now have steam pressure acting up on pis- 
ton 22 and down on 21. What effect would this have? 

A. Piston 22 would be held where it was, while 
piston 21 would make a down stroke, drawing piston 
32 down with it. 

Q. What effect ivould the downward stroke of 
piston 32 have? 

A. As piston 32 descends, the tendency to form a 
vacuum would lift the receiving valve 9 from its seat 
and air from the atmosphere would fill the upper end 
of cylinder 4. The air being compressed in the lower 
end of cylinder 4 would force valve 12 from its seat 
and pass into the lower end of cylinder 3. Just be- 
fore piston 21 had completed its down stroke, the re- 
versing plate 20 would have come in contact with the 
shoulder on the reversing valve rod 8, and the revers- 
ing valve 6 would be forced down to the position 
shown in Fig. 37. 

Q. Explain the passage of steam due to the chcmge 
in position of valve 6, and also the effect of same. 

A. The lower end of cylinder 1 would be connected 
with the atmosphere through port 27, and the cavity 
of reversing valve 6. Steam from the reversing valve 
chamber controlled by valve 6 would pass through 
ports 23, 24, and 25, on top of piston 22, forcing it 
down. Steam is still above piston 21. and will hold it 
at the bottom of its stroke until valve 5 is moved. 



Air Pumps 91 

Q. Explain the effect produced by piston 31 as it 
is drawn down by piston 22. 

A. The air that was forced into the bottom of 
cylinder 3 by piston 32 on its downward stroke is 
again compressed, and when the pressure is slightly 
greater than that in the main reservoir, it forces dis- 
charge valve 14 from its seat and passes through 
passages 63 and 65 to the main reservoir. 

The suction above piston 31 draws receiving valves 
11 and 9 from their seats, and the upper part of cylin- 
der 3 is filled with atmospheric pressure. 

Q. When piston 22 reaches the bottom of its stroke 
the reversing plate 20 strikes the shoulder on the 
rod 7, forcing valve 5 down to its lowest position. 
What effect has this on the passage of steam? 

A. The steam above piston 21 escapes to the 
atmosphere through ports 30, 29, 28, and the cavity of 
valve 5. Steam from the chamber controlled by 
valve 5 passes through port 26 and underneath piston 
21, forcing it up. 

Q. What is the effect when piston 21 forces pis- 
ton 32 up? 

A. The suction under piston 32 draws the receiv- 
ing valve 10 from its seat, and allows the lower end of 
cylinder 4 to fill with atmospheric pressure. Air 
being compressed above piston 32 forces the discharge 
valve 11 from its seat and passes into the top end of 
cylinder 3, which is already filled with air at 
atmospheric pressure. 

Q. Just before piston 21 reaches the top of its 
stroke, the button at the end of rod 8 is carried up by 
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the reversing plate 20 and valve 6 is moved up. Ex- 
plain the passage of the steam and its effect. 

A. Steam from above piston 22 passes through 
ports 25, 24, 23, and through the cavity of valve 6 to 
the atmosphere. Steam from the chamber controlled 
by slide valve 6 passes through port 27, underneath 
piston 22, which is forced up, carrying piston 31 
with it. 

Q. What effect has the upward movement of pis- 
ton 31? 

A. The suction underneath the piston draws the 
valves 12 and 10 from their seats, allowing the bottom 
end of cylinder 3 to fill with air at atmospheric pres- 
sure. 

The air being compressed above piston 31 forces 
discharge valve 13 from its seat, and. passes down and 
out at 65 to the main reservoir. 

Q. What happens when piston 22 reaches the top 
of its stroke? 

A. The reversing plate strikes the button at the 
end of stem 7 and pulls the reversing valve 5 up. One 
complete cycle of the pump has now been traced. 

Q. What is the lift of the different air valves? 

A. 1-16 of an inch. 

Q. Which is the lead piston of the pump? 

A. The low-pressure piston. 

Q. What pressure does the low-pressure piston 
operate against? 

A. From 30 to 40 pounds. 

Q. Against what pressure does the high-pressure 
piston operate? 
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A. It operates against from 30 to 40 pounds at the 
start, and the movement of the piston gradually in- 
creases this amount until it becomes in excess of that 
in the main reservoir, at which time the discharge 
valve is unseated. From this point to the end of 
the stroke the piston operates against main reservoir 
pressure. The pressure that the high-pressure piston 
operates against at the beginning of the stroke de- 
pends upon the amount of air that the low-pressure 
piston has forced into the high-pressure cylinder, con- 
sequently the condition of the pump, as well as the 
speed, is an important factor. 



Pump Troubles* Peculiarities and Care* 

Q. What are the usual causes that produce pounds 
in the New York pump? 

A. Loose piston heads ; running the pump too fast 
before sufficient air pressure has been obtained to pro- 
duce an air cushion for the pistons ; steam condensa- 
tion cannot be got rid of if the pump is started too 
fast, this condensation being due to the steam coming 
in contact with the cold walls of the cylinder, the pis- 
tons striking the condensation causes a pound ; piston 
rod packing being in poor condition in the air cylin- 
der, allowing the air to escape and the piston to strike 
the head ; too small lift of intermediate valves, leaky 
high-pressure discharge valves, and leaky piston-rod 
packing. 

Q. Will any damage be done if the steam cylinder 
packing is in bad condition? 

A. Yes ; the escaping steam will be drawn into the 
air cylinder by the lower receiving valve ; the steam, 
taking the place of the air, will reduce the efficiency 
of the pump and also permit an unnecessary and con- 
siderable amount of water to reach the main reser- 
voir, whence it will pass to the brake system if the air 
is not properly cooled. In winter this air inlet is 
likely to be coated over with ice, thus producing an 
inefficient pump. 
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Q. What ivould be the effect if dirt were on the 
lower receiving valve 10? 

A. With piston 32 on its up stroke air would be 
drawn into cylinder 4, but when <iie piston descended, 
the air being compressed below it instead of raising 
intermediate valve 12, would pass by the unseated 
valve 10 to the atmosphere. The efficiency of the 
pump would thus be reduced. 

Q. What ivould be the effect if, instead of being 
held from its seat, receiving valve 10 were held to its 
seat? 

A. Atmospheric pressure could not be drawn into 
cylinders 3 and 4, and a lame pump would result. A 
receiving valve stuck to its seat, although tending to 
produce an uneven stroke, does not affect the strokes 
of the pump to the same degree as does a stuck dis- 
charge valve. 

Q. What effect ivould be produced if the top re- 
ceiving valve 9 were stuck from its seat? 

A. The same effect, but on the opposite stroke, 
would be produced as that described with the lower 
receiving valve 10. 

Q. What will be the effect if am, intermediate valve 
leaks? 

A. This defect is productive of uneven strokes of 
the pump ; two exhausts are produced close together, 
and the other pair wider apart. A corresponding leak 
in the cylinder-head gasket would produce the same 
result. 

Q. What would be the effect if a cylinder-head 
gasket leaked between the high and low pressure cylin- 
ders? 
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A. The same effect as is produced by a leaky inter- 
mediate valve as just described. 

The quick stroke is due to air from the high-pres- 
sure cylinder acting. on the low-pressure piston, and 
thus aiding the steam acting on piston 21. 

Q. What effect would be produced if a discharge 
valve were stuck open or was broken? 

A. One stroke of the pump would be extremely 
slow, while the other three would be more regular. 

Q. Could anything else produce similar results? 

A. Yes; the upper air cylinder gasket leaking 
badly between the cylinder and the discharge valve 
cavity, or the lower intermediate valve seat may have 
worked up so that valve 12 does not unseat properly. 

Q. What could cause a scarcity of air in the top 
of cylinder 4? 

A. The upper intermediate valve seat may have 
worked loose, thus destroying the proper lift of receiv- 
ing valve 9. 

Q. How should this pump be oiled? 

A. The steam cylinders are oiled according to the 
work they perform, as in any other steam cylinder; 
about one drop a minute is usually found to be suf- 
ficient for ordinary service. Oil should be used spar- 
ingly in the low-pressure air cylinder, but more is re- 
quired in the high-pressure cylinder owing to the 
higher temperature. A good quality of valve oil 
should be used in both the steam and air cylinders, 
and in heavy freight service it has been found bene- 
ficial to use a constant feed in connection with the 
air as well as the steam cylinder. 
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Q. If a pump stops what should be done? 

A. First examine the pump governor to be sure 
that it is operating properly. If the governor seems 
to be in proper condition, jar the steam head lightly; 
failing to start, close the throttle, open the drain cock 
of the steam chest, jar the steam head again and open 
the throttle quickly. 

Q. What effect would be produced if the valve rod 
were broken, the button at its end, or the reversmg 
plate 20 were badly worn? 

A. The low-pressure pistons would makte an up 
stroke when steam was admitted, but the high-pres- 
sure pistons would remain against the bottom head. 

Q. What would be the effect if the reversing valve 
rod 7 were broken, the button at the end of it, or 
reversing. plate 20 were badly worn? 

A. Both pistons, if not there already, would go to 
the top of their strokes and remain there. 

Q. How would back leakage from the high to the 
low pressure cylinder be indicated? 

A. The low-pressure piston would start away 
quicker from the end at which the leak existed. 

Q. How may back leakage by the high-pressure 
discharge valves be detected? 

A. By opening the oil cock when the pump is 
stopped and when there is a high pressure in the 
main reservoir. The character of the blow would 
indicate whether the trouble was in the top or bottom 
valve, since if it were the bottom valve it would be 
necessary for the air to blow by the piston packing 
rings before it could manifest itself at the oil cup 
opening. 
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Q. Outline a test that would determine the condi- 
tion of the air-piston packing rings. 

A. With a main reservoir pressure of 90 pounds, 
and with a pump speed of 30 double strokes per min- 
ute, note the amount of suction at the receiving valves. 
A constant suction during practically the entire stroke 
indicates that the packing rings are in good condition ; 
if the strong suction is discontinued after the piston 
has traversed about half of its stroke, the indications 
point to a poor condition of the packing rings. 

Q. What speed of the pump is recommended to 
produce best results? 
A. From 30 to 60 double strokes a minute. 



Pump Govefnof. 

Q. Name the different parts of the pump governof. 

A. 1 is the steam- valve body; 2, the air-valve 
chamber ; 3, the spring casing ; 4, the piston ; 24, the 
packing ring ; 5, the steam valve ; 6, the steam-valve 
guide; 7, the cap; 8, the adjusting screw; 9, the jam 
nut; 10, regulating spring; 11, the upper spring 
washer ; 12, the diaphragm button ; 13, the diaphragm ; 
14, the air- valve seat. 

Q. Explain the duty of the regulating spring 10 
(Fig. 38). 

A. The tension of this spring exerts a downward 
force on the diaphragm 13 which, on its under side, 
is subjected to the air pressure which enters at F. 
When the pressure in chamber A exceeds the tension 
of the spring 10, diaphragm 13 is lifted, and air from 
chamber A passes through port G into chamber B 
above the steam piston 4. 

Q. What effect does air in chamber B have? 

A. It forces piston 4 down and the steam valve 5 
is seated. The main steam supply is thus closed and 
the pump, although not stopped entirely, is practi- 
cally so. 

Q. What causes the pump to work slowly after the 
steam valve has been seated? 

A. There are two ways in which this is done. A 
small amount of steam passes through port E, and the 
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Builer 




Fig. 88.— Pump Governor. 
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air which escapes from chamber B to the atmosphere 
through port c also tends to cause the pump to oper- 
ate slowly. 

Q. How does the air which escapes through port c 
tend to cause the pump to operate slowly? 

A. The air which escapes through this port re- 
duces the air pressure very slowly, and as soon as the 
pressure in chamber A becomes less than the tension 
of spring 10, diaphragm 13 is forced to its seat and 
all the air in chamber B quickly escapes to the atmos- 
phere through port c. With no air in chamber B to 
hold the steam piston 4 down, the steam pressure be- 
low the steam valve 5 forces the steam valve and pis- 
ton up to the position as shown in Fig. 38. Port c 
being very small, the escape of air is necessarily very 
slow, and a few strokes of the pump will again restore 
the pressure, at which time the governor, as already 
described, will automatically seat the steam valve and 
shut off the main steam supply temporarily. 

Q. How is the governor adjusted? 

A. Screwing in on stem 8 will cause the pump to 
shut off when a higher pressure has been attained, and 
vice versa. 

Q. To what pressure does the pipe connecting at 
F lead? 

A. It leads to the chamber between the excess pres- 
sure valve of the brake valve and the train pipe; so 
connected it has control of the pump regardless of 
the position of the brake valve handle. In the run- 
ning position of the brake valve this chamber consti- 
tutes a part of the train pipe volume. The pressure 
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remains bottled up in this chamber when the brake 
valve handle is moved toward emergency position 
and operates the governor to stop the pump until 
the brake valve is moved to release the brake. If 
the connection was made direct to the train pipe 
the pump would start to work as soon as a reduction 
of train pipe pressure was made to apply the brake. 
The pump would then not cease to operate until 
a main reservoir pressure about equal to the 
steam pressure in the boiler was obtained unless the 
pump throttle were closed. A modification of this 
governor, as shown in Fig. 52, is used in connection 
with double pressure systems, in which case the pipe 
connecting at F is as described later. 

Q. Why is it desirable to have the pump operate 
slowly after maximum pressure has been obtained? 

A. To keep up a constant circulation of steam in 
order not to give it an opportunity to condense. 
Otherwise it would condense when the pump stopped 
only to be thrown out of the stack on the jacket of the 
boiler when it started again. 



Peculiarities and Troubles of the Pump 
Governor. 

Q. What defect in the governor would, in response 
to a reduction of pressure, cause a pump to be very 
slow to start after it had once been stopped by the 
governor? 

A. The relief port c being closed, in which case, 
after diaphragm 13 had been seated, the air above 
piston 4 could only escape by leaking past packing 
ring 24 into chamber Z), from whence it could escape 
through the port at which the drip pipe is connected. 
This connection is shown by the dotted lines toward 
which arrow 6 points. 

Q. What governor defects could cause the pump to 
stop entirely? 

A. The most likely cause would be dirt on dia- 
phragm 13 where it seats, this in combination with 
relief port c being closed. With this combination 
existing air pressure would reach chamber B faster 
than it could escape by piston 4; hence, the piston 
would be forced down and the steam valve 5 closed. 

The cylinder in which piston 4 operates, being dirty 
or corroded, in connection with the cylinder being 
badly worn, might cause the piston to stick and the 
pump to stop. 

Q. What could be wrong with the governor so that 
the main reservoir pressure could equal that of the f 
steam pressure? 

W 
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A. If the relief port at the bottom of the spring 
case were closed and diaphragm 13 leaked around its 
edges, air would reach the chamber above the dia- 
phragm and the air pressure, together with the tension 
of the spring, would prevent the diaphragm from lift- 
ing. The waste pipe being closed with ice or dirt 
would produce a similar action, since any steam that 
leaked by the stem of the steam valve could not escape 
and would accumulate in chamber D and resist the 
action of any air pressure in chamber B, acting to 
force the steam piston down. 

Q. What different conditions of the pump gover- 
nor would tend to reduce the speed of the pump? 

A. Dirt on the diaphragm 13 that would permit 
air to reach chamber B so fast that it could not escape 
through port c with sufficient freedom, in which case 
piston 4 and valve 5 might be forced part way down. 
A dirty condition of the governor would also tend * 
to magnify this action ; this would be especially likely 
to be noticed if the drip pipe were dirty and the stem 
of the steam valve were badly worn. 



Oil Cups for the Air Pump Cylinder. 

Q. What is the purpose of the oil cups shown in 
Figs. 39 and 40 f 

A. To furnish an automatic feed for the air cylin- 
der of the air pump. 
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Fig. 89. 




Fig. 40. 



Air Cylinder Oil Cups. 



Q. Why are oil cups necessary on air cylinders? 

A. Practice has shown that, especially in heavy 
freight service where long air trains are hauled, an 
automatic cylinder feed is necessary to prevent the 
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too rapid wear of the air cylinders and rings, and 
to produce a more satisfactory working pump. 

Q. Do the oil cups shown in Figs. 39 and 40 differ 
in their operation? 

A. No; the only difference consists in an adjust- 
able needle feed in the cup illustrated in Fig. 40. 

Q. Are both cups in service? 

A. Yes ; but Fig. 39 represents the standard, and 
the cup sent out by the New York Company unless 
the cup (Fig. 40) is specified. 

Q. At what point in the air cylinder are the cups 
screwed in? 
A. In the top head of the pump. 

Q. Explain the operation of the cups. 

A. As the piston makes its up stroke compressed 
air is driven upward through the passage A drilled, 
through the center post in the body of the oil cup ; it 
next passes downward inside the extended sleeve of 
the cap nut, and then bubbles to the surface of the oil 
in the reservoir B and creates a pressure on the sur- 
face. As the air piston makes its down stroke, a 
vacuum is formed in the passage A in the center post, 
and the air pressure on the surface of the oil, formed 
when the piston made its up stroke, forces the oil 
upward inside the sleeve, and a small portion of this 
oil is drawn into the air cylinder through the very 
small hole in the. feed cap 15, or needle valve 12 
(Fig. 40), which screws into the center post. 

Q. What regulates the amount of oil fed through 
the cup? 
A, In Fig. 39 port C controls the feed, while w 
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Fig. 40 port C and the adjustment of the needle valve 
control the feed ; port C may be reduced or enlarged 
to decrease or increase the amount of oil fed as 
desired. 

Q. How many cups are furnished with each duplex 
pump? 

A. Two ; one for the high and one "for the low pres- 
sure cylinder. 

Q. What would render the cup inoperative? 
A. Scale or gum closing port C. 



Main Reservoir. 

Q. Where does the air go when it leaves the pump? 
A. To the main reservoir. 

Q. Where does mam reservoir pressure begin and 
ivhere end? 

A. It begins where the air leaves the pump and 
ends at the engineer's valve. 

Q. What is the object of the main reservoir? 

A, Its object is to act as a storehouse in which to 
keep a reserve pressure to throw into the train pipe to 
release brakes and recharge auxiliaries. It also acts 
to collect most of the dirt, oil, and moisture that leave 
the pump. 

Q. How much main reservoir pressure is usually 
carried? 

A. Usually from ninety to one hundred pounds, 
although more is used in mountainous country, when 
using the High-Speed Brake, the High-Pressure Con- 
trol, or the Duplex Method of Main Reservoir Regu- 
lation. 

Q. What size main reservoir is considered proper? 

A. One whose capacity is not less than 50,000 cubic 
inches for freight, and 20,000 or more for passenger 
engines. It is desirable to have a reservoir capacity of 
not less than 40,000 cubic inches on passenger engines 
hauling long trains. 

Q. How large should any main reservoir be? 

A, In releasing brakes in any service the main 
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reservoir must be large enough so that, when the 
brakes are applied and we wish to release them, the 
main reservoir pressure will equalize with that in 
the train pipe, when connected with it, at a sufficiently 
high pressure to insure the prompt and certain release 
of the brakes, and a quick recharge. 

Q. Why is a larger main reservoir necessary in 
freight than in passenger service? 

A. Because there are a greater number of aux- 
iliaries to charge in freight service and a longer train 
pipe to supply. 

Q. When is a large main reservoir with full pres- 
sure most essential? 

A. After an emergency application, and especially 
after a break in two. 

Q. What results are likely to follow the use of 
small main reservoirs on engines pulling long trains? 

A. Pumps are likely to heat, brakes are likely to 
stick, and we will have a hard-handling brake valve 
unless it is oiled frequently. 

Q. Why is a pump more likely to heat with a small 
main reservoir? 

A. Because the smaller the main reservoir, the 
higher the pressure has to be carried, and the higher 
the pressure the more heat is generated in compress- 
ing the air ; therefore the pump is more likely to heat 
and burn out the packing. 

A second reason is that with a small reservoir, when 
releasing brakes, the pump has to work faster to 
charge the auxiliaries before the speed of the train in- 
creases too much. The pump working very fast does 
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not have time to take in a full cylinder of air each 
stroke. The pump then has to make more strokes to 
compress the same amount of air than it would were 
it working more slowly. 

Q. State the gains made by using a large main 
reservoir. 

A. Pressure in the main reservoir and train pipe 
will equalize higher when releasing, auxiliaries will 
he charged more quickly, the pump is not so likely to 
heat, and, not working so rapidly or against so high a 
pressure, will not Wear out so fast, and the brakes are 
not so likely to stick. 

Q. What should be the location of a main reser- 
voir? 

A. If possible, at a low point in the air-brake sys- 
tem. 

Q. Why? 

A. To have all the dirt, water, and oil possible 
drained into it and drawn off through the bleed cock. 

Q. Where is the main reservoir usually located? 

A. Between the frames back of the cylinder saddle. 

Q. Should it be located there? 

A. Yes, when it is possible to place there a main 
reservoir of the regulation size ; but the size must not 
be sacrificed for the position. 

Q. Where else is it sometimes located} 

A. Under the foot-boards of the cab and sometimes 
on the tank. 

Q. Is it right to locate it on the tank? 

A. Yes, if the requisite volume can be obtained in 
no other way ; otherwise, no. 
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Q. Why is it not a desirable position? 

A. Oil, water, and dirt will not drain into it as they 
should, and when it is so located, two lines of hose 
have to run between the tank and engine, one to carry 
the air from the pump to the main reservoir, and the 
other to bring the pressure from the reservoir to the 
engineer's valve. These hose get full of oil and dirt, 
decay, burst, and in the end prove very expensive. 

Q. Hoiv often should the main reservoir be 
drained? 

A. At the end of each trip. 

Q. Where does this water found in the main reser- 
voir come from? 

A. Most of it is drawn from the atmosphere, and 
given off as the air cools. 

The following was taken from the '96 Proceedings 
of the Air Brake Association. There were four reser- 
voirs, each with a capacity of 12,200 cubic inches, and 
they could all be used together or cut out at will. The 
test was made on a twenty-five car train, and shows 
the advantage of having a large volume of air in the 
main reservoir to equalize with that in the train line. 

Number of Initial reservoir Initial pressure Pressure 
reservoirs pressure in train pipe equalized at 

cut in. 

4 

2 
4 
4 
2 
2 
2 



pounds. 


in pounds. 


in pounds. 


100 





50 


100 





35 


100 


50 


72 


90 


■ 50 


67 


110 


50 


68 


100 


50 


63 


90 


50 


61 
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Q. What is generally conceded to be the best prac- 
tice concerning main reservoirs? 

A. To use two main reservoirs, preferably long 
and of small diameter, and a cooling pipe of approxi- 
mately 15 feet between the pump and first reservoir, 
and 30 feet between the first and second reservoirs. 

Q. Why is this done? 

A. Tests have shown that, with these conditions 
existing, air cools properly before passing the brake 
valve and no water is found in the train pipe, thus 
doing away with the chance of frozen train pipes. 

The accompanying cut represents an automatic 
drain cock for the main reservoir. This valve is 
screwed into the main reservoir, and its operation is 
so simple that an explanation will be unnecessary. 
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Fig. 41.— Main Reservoir Drajn Cocks, I 



Freight Equipment. 

Q. Name the different parts of the equipment. 

A. 3 (Fig. 42) is the piston sleeve and head, 9 
the release spring, 4 the non-pressure head, 2 the 
cylinder body, a the leakage groove, 7 the packing 
leather, 8 the expander ring, 6 the follower plate 
which holds the packing leather 7 to its place, b the 
pipe connecting the triple valve and brake cylinder, 
and 15 the gasket which makes a joint between the 
auxiliary, triple, and pipe b leading to the brake 
cylinder. 

Q. Explain the use of the release spring 9 
(Fig. 42). 

A. When the brake is applied, air is put into the 
cylinder 2 through pipe 6, and the piston 3 is forced 
to the left, compressing the release spring. When the 
air is released from the brake cylinder, the duty of 
the release spring is to force the piston to release posi- 
tion as shown in the illustration. 

Q. What enters the sleeve 3 (Fig. 42)? 
A. The push rod through which the braking 
power is transmitted to the brake rigging. 

Q, Of what use is the expander ring 8? 

A. To keep the flange of the packing leather 7 
against the walls of the cylinder. The expander is 
a round steel ring. 

Q. Of what use is the packing leather 7? 
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A. As air enters the brake cylinder, the flange of 
the packing leather is forced against the walls of the 
cylinder, thus making a tight joint to prevent the 

passage of air by the pis- 
ton and out to the atmos- 
phere through the open 
end of the cylinder at the 
left. If the leather leaks, 
the brake will leak off. 

Q. Of ivhat use is the 
leakage groove a (Fig. 
42)? ' 

A. The piston as shown 
in the cut is in release po- 
sition. If, on a long train, 
there should be any leak 
on the train pipe that 
would draw a triple piston 
out far enough to close the 
exhaust port in the slide 
valve, and there were a 
leak into the brake cylin- 
der, the pressure would 
gradually accumulate and 
force the piston out, caus- 
ing the shoes to drag on 
the wheels were it not for 
the leakage groove. This 
will allow any small leak- 
age into the brake cylin- 
der to pass through the 
groove and out of the 
other end of the cylinder 
to the atmosphere. 
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If the brake connections are taken up so short that 
the piston will not travel by the leakage groove when 
the brake is set, the air will blow past the piston 
through the groove and release the brake on this car. 
In this case, were it not for the groove, the wheels 
might be slid. 

Q. What is the duty of the pipe b? 

A. When the brake is applied, air passes from the 
auxiliary through the triple and pipe b to the cylin- 
der. When the brake is released, air passes from 
the cylinder through pipe b, the triple exhaust port 
and out to the atmosphere, or, if a retainer is used, 
it passes from the triple into the retainer pipe, which 
is screwed into the triple exhaust, and out of the re- 
tainer according to the position of its handle. 

Q. Of what use is the auxiliary 10 (Fig. 42)? 
A. This is where the supply of air is stored with 
which to apply the brake on this one car. 

Q. What is the name cmd purpose of the valve on 
top of the auxiliary reservoir? 

A. It is called the release valve. By lifting on the 
handle of this valve the pressure in the auxiliary 
reservoir 1.0 may be released. If this valve leaks, 
after the brake is applied, the reduction of auxiliary 
pressure thus made will release the brake; when the 
triple piston is in release position this leak acts the 
same as a leakage of train-pipe pressure, since it 
draws air from the train pipe through the feed 
grooves of the triple valve. 

Q. What use has the plug 11? 
A. To drain off any accumulation of moisture; 
in cases where the top of the reservoir is in close con- 
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tact with the car, the release valve is screwed into the 
hole now occupied by this plug. 

Q. What harm will ensue if gasket 15 leaks? 

A. The leak may be from the auxiliary to the 
atmosphere, from the auxiliary to pipe b leading to 
the brake cylinder, or from pipe b to the atmosphere. 
After the brake is applied, the reduction of auxili- 
ary pressure caused by the first two defects would 
permit train-pipe pressure to force this triple piston 
to release position and release the brake. The leak 
would then draw air from the train pipe through the 
triple feed ports, making a train-pipe reduction that, 
with any other train-pipe leaks, would help to creep 
on the other brakes. A leak from the cylinder to the 
atmosphere would tend to leak the brakes off gradu- 
ally on this car when the triple valve had returned to 
lap position. 

Q. Is the freight-car equipment different from 
the air-brake equipment on a passenger car? 

A. It is smaller, constructed and arranged dif- 
ferently, but the principle of operation is the same. 
In a passenger equipment the pipe b does not run 
through the auxiliary reservoir, and the auxiliary and 
brake cylinder are not connected. The appearance 
is different, but aside from arrangement, they are 
practically the same (see Pig. 7). 

Q. What is the purpose of the small hole in the 
piston sleeve just to the left of number 3 (Fig. 42)? 

A. A pin is inserted in this hole when the head is 
removed for the purpose of cleaning the cylinder. 
This spring holds the release spring in compression 
when the nuts, holding the non-pressure head to the 
cylinder, are removed. 
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Q. What determines the a/mount of travel a piston 
will have? 

A. The slack in the brake rigging and any lost 
motion in the car brought out by the application of 
the brake. 

Q. How is the piston travel usually adjusted? 
A. By changing the position of the dead truck 
levers. 

Q. Which is called the dead lever of a truck? 

A. The one held stationary at the top. with a pin. 

Q. What is the other lever on the truck called? 

A. The live lever. 

Q. What is the lever fastened to the piston usually 
called? 
A. The piston lever. 

Q. What is the corresponding lever at the other 
end of the cylinder in a passenger equipment called? 
A. The cylinder lever. 

Q. Are these levers ever spoken of differently? 
A. Yes, sometimes both are referred to as cylin- 
der levers. 

Q. In passenger equipment there is sometimes a 
lever between the cylinder levers and truck levers, 
one end of which, is connected to the hand brake and 
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the other to the live truck lever. What is this lever 
usually called? 

A. The Hodge, or floating lever ; the latter name 
is the one more commonly used. 

Q. We ha/ve seen in studying the triple valve 
that a five-pound train-pipe reduction caused the 
triple to put five pounds from the auxiliary into the 
brake cylinder. How much pressure does this give 
us in the brake cylinder? 

A. It depends upon the piston travel. It may be 
more or less than five pounds ; it might be five pounds. 

Q. Explain this answer. 

A. We notice that the auxiliary is much larger 
than the brake cylinder, and five pounds taken from 
the larger space and forced into a smaller one will 
give a greater pressure than that put in ; but it must 
be remembered that a small part of the air first put 
into the cylinder goes through the leakage groove 
before the piston gets by and closes it. There is 
still another point. If no air were put into the 
brake cylinder and the piston were pulled out when 
the exhaust port was closed, a partial vacuum would 
be formed. When the air enters the cylinder it must 
first fill this space to atmospheric pressure before a 
gauge placed on the cylinder would begin to show 
any pressure. The longer the travel, the more air it 
would take to fill the space and the less pressure there 
would be for the five pounds put into it. 

Q. Which would give a higher pressure for a 
given reduction, long or short piston travel? 

A. Short travel. 

Q. Why? 
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A. Because with a short travel the same amount 
of air would be expanded into a smaller space. 

Q. With the freight equipment how much brake- 
cylinder pressure do we get for a seven-pound train 
pipe reduction with a 6 and a 9-inch travel? 

A. Referring to the table, we see seventeen and 
one-half pounds is obtained with the 6-inch, and eight 
pounds with the 9-inch travel. 
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♦Air Brake Men's 1896 Proceedings. 

The above table is the result of tests made with a Westinghouse 
freight equipment. Each result is the average of several tests, 
and the brake was in good condition. There are two spaces 
where it says "Piston not entirely out," where no brake-cylinder 
pressure is given for a seven-pound train-line reduction. This 
does not mean there was no pressure there, as there must have 
been or the piston could not have gone out and compressed the 
cylinder release spring. The ordinary air gauge does not register 
any pressure less than five pounds, and with a seven-pound train- 
line reduction the pressure gotten in a ten- or eleven-inch piston 
travel is less than five pounds. 

Seventy pounds train-pipe pressure was used in making these 
tests. 



Q. With a sixteen-pound reduction? 
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A. Fifty-four pounds with the 6-inch, and thirty- 
five pounds with the 9-inch. 

Q. With a twenty-two-pound reduction? 

A. After the sixteen-pound reduction, the brake 
did not set any harder on the 6-inch travel because 
the auxiliary and brake-cylinder pressures equalized 
at that point, and this brake was full set. With the 
9-inch travel the air from the auxiliary had 4 inches 
more space into which to expand, and the brake was 
not full set until a twenty-two-pound reduction had 
been made, giving forty-seven and one-half pounds 
brake-cylinder pressure. 

Q. What does this show? 

A. That a brake with a short piston travel is more 
powerful than one with a long travel; that a brake 
with the auxiliary and brake-cylinder pressures 
equalized cannot be applied any harder by a further 
reduction of train-pipe pressure, and that if piston 
travel varied in a long train, between 4 and 11 inches, 
there would be no uniformity in the braking power 
developed in the different parts of a train. 

Q. Can a train be handled smoothly with uneven 
travel throughout the train? 

A. Not as smoothly as when the travel is more 
uniform. 

Q. What will be the effect with short travel at 
the head of the train and long at the rear? 

A. Having more braking power at the head would 
cause the slack to run in, causing a jar. 

Q. What if the short travel were at the rear of 
the train? 
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A. The tendency would be for the slack to run 
out and break the train in two, especially if it were on 
a knoll. 

Q. How else would the piston travel affect the 
smoothness of the braking? 
A. In releasing the brakes. 

Q. Suppose ive had a train half of which had 4- 
inch travel and the other half 9-inch, which brakes 
would start releasing first if the engineer had made 
a ten-pound train-pipe reduction and then, wishing 
to release the brakes, increased the train-pipe press- 
ure? 

A. They should all start about the same time, but 
the tendency is always for head brakes to start re- 
leasing first if the travel is about alike, as the air 
enters the train pipe from the main reservoir at the 
front of the train, and the pressure is naturally a 
little higher here when recharging. 

Q. Is the same true after a ten-pound reduction? 

A. Yes. 

Q. After a twenty-two-pound reduction? 

A. No ; the long travel brakes will start releasing 
first. 

Q. Why? 

A. Keferring to the table, we see that the 4-inch 
travel was not applied any harder after a thirteen- 
pound reduction had been made ; but the 9-inch travel 
continued applying harder until a twenty-two-pound 
reduction of train-pipe pressure had been made. 
With the brakes full set we have fifty-seven pounds 
pressure in the auxiliary and cylinder of the 4-inch 
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travel car and forty-seven and one-half on the long. 
Train-pipe pressure has to overcome auxiliary press- 
ure to force the triple pistons to release position, and 
it is easier to overcome forty-seven and one-half than 
fifty-seven pounds ; hence the triple piston on the long 
travel car will go to release position with less of an 
increase of train-pipe pressure than will the triple 
on the short travel car. 

Q. State the general rule in regard to this ques- 
tion. 

A. If reductions have not been continued after 
cars with the short piston travel have been full set, 
all brakes should start releasing about the same time ; 
but if the reductions of train-pipe pressure are con- 
tinued after the short travel brakes are full set, an in- 
crease of train-pipe pressure will start the long travel 
brakes releasing first, with a strong tendency, of 
course, for head brakes to start releasing first on ac- 
count of the pressure at the head end being higher 
during a release. 

Q. If a long and a short travel brake are started 
releasing at the same time, which will get off first 
and why? 

A. The short travel, because the piston has a 
shorter distance to go and there is a less volume of 
air to be gotten rid of through the exhaust port of 
the triple. 

Q. We have two cars with the same piston travel. 
What is the trouble if both are started releasing at 
the same time and one gets off quicker than the other? 

A. The release spring in one cylinder is weaker, 
the cylinder is in poor condition or some part may be 
restricted. 
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Q. What harm would it do to take a piston travel 
up to 2 inches? 

A. The piston could not get by the leakage groove, 
and the brake would not stay set. 

Q. What harm would it do to let the travel out 
beyond 12 inches? 

A. The piston would strike the head, and we 
would have no brake on that car. 

Q. Does having very long piston travel in a train 
require any more work of a pump in descending 
grades? 

A. Yes ; the air has to be used more expansively, 
and the pump will have to supply more air in re- 
charging. 

Q. If we try the piston travel on a car when 
standing, will we find it to be the same as when run- 



A. No. 

Q. Why not? 

A. For several reasons ; the shoes pull down far- 
ther on the wheels when running ; the king bolts being 
loose allow the trucks to be pulled together; spring 
in brake beams, loose boxes in jaws, loose brasses on 
journals, the give in old cars, and any lost motion 
that will throw slack into the brake rigging ; all these 
will cause the piston travel while running to be 
longer than that while standing. 

Q. If the piston travel is adjusted when a car is 
loaded, will it remain the same when the car is light? 

A. It will, if the brakes are hung from the sand 
plank or column castings, but many brakes are hung 
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from the truck bolsters or the sills of the car. When 
the car is loaded, the truck springs are compressed 
and the shoes set lower on the wheels. When the 
car is unloaded, the truck springs raise the bolster 
and car body, thus raising the shoes so that there is 
less clearance between them and the wheels. This 
shortens the piston travel, as the piston does not have 
to move so far to bring the shoes up to the wheels. 

Q. How could you tell the piston travel on a car 
if it had no air in it? 

A. This can be told on freight cars where the 
hand brake and air brake move the push rod in the 
cylinder in the same direction when applying the 
brake. To tell the travel, shove the push rod into 
the cylinder until it bottoms. Make a mark on the 
push rod and set the hand brake. The distance the 
mark on the push rod has moved will be, approxi- 
mately, the piston travel when using air. 

Q. How much variation is permissible? 

A. The smaller the amount of variation the better, 
but in road service it is the aim to keep piston travel 
between 5 and 8 inches. 

Q. Is there amy device which will keep a constant 
piston travel on a car without any outside aid? 

A. Yes ; a slack adjuster. 

Q. What slack adjuster is in most general use? 

A. The American Brake-Slack Adjuster. 

Q. Is this better them a hand adjustment? 

A. Yes, because it does its work when the car is 
in motion, and true travel is had because all lost mo- 
tion is brought out when the car is moving. 
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Q. What is the most satisfactory standing travel 
for general use? 
A. Between 5 and 7 inches. 

Q. Where would a moderately long travel be con- 
sidered better than a short? 

A. In a practically level country where, with short 
travel and a large number of air cars in a train, it 
might be slowed up or stopped with a light train-pipe 
reduction, thus causing too frequent releases. 

Q. What harm results with a travel that is too 
short? 

A. The piston might not get by the leakage 
groove, and the shorter the travel the more danger 
of sliding the wheels on account of the greater brak- 
ing power developed. A too short travel does not 
give sufficient shoe clearance, and causes a train to 
pull hard if the brake shoes drag. 

Q. On most passenger cars piston travel can be 
taken up by winding up the hand brake a little, as 
the two brakes work in opposition to each other. Is 
this a good practice? 

A. No; it is the act of a lazy workman, and is 
dangerous. 

Q. How is it dangerous? 

A. If the brake is set quickly, it is likely to snap 
the brake chain, and if a passenger had hold of a 
hand brake wheel when the brake was applied, if the 
dog were not caught, the wheel flying round might 
break his hand or arm. 

Q. If the hand brake on a car works with the air 
(Figs. 73 and 75), and the air brake tvas applied, 
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what would result if the hand brake were then ap- 
plied? 

A. The braking power developed would be too 
much for the safety of the wheels, rods, etc., since 
the resultant braking power is equal to the sum of 
the power of both brakes. 

Q. If the air brake were then released what dif- 
ficulty would be experienced? 

A. Since the hand brake retains all of the power 
of both brakes it would be a very difficult matter for 
the brakeman to release the brake. 

Q. With this kind of a brake what would result 
if the hand brake were first applied and then the air? 

A. If the air brake were more powerful than the 
hand brake, slack would be thrown into the hand 
brake chain, and the gain in power would be the ex- 
cess power of the air over that of the hand brake. If 
the air power were not as strong as that of the hand 
no effect would be produced since the pull in the hand 
brake rod would be diminished an amount equal to 
the power of the air. 

Q. If the hand and air worked opposite, that is, 
they tended to move the push rod in opposite direc- 
tions to apply the brake (see Fig. 74), what effect 
would be produced if the air brake was applied and 
then the hand brake? 

A. The air brake fully applied is usually stronger 
than the hand brake, hence the pull on the hand 
brake rod due to the air pressure would be greater 
than could be exerted by the brakeman, and the brake 
wheel could not be turned after the slack in the brake 
chain had been taken up. Under these conditions 
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no braking power could be gained by using the hand 
brake. 

Q. If the hand brake were first applied and then 
the air what would be the result? 

A. Applying the hand brake took up all the slack 
in the brake rigging and forced the push rod and 
piston in as far as they could go. When air from 
the auxiliary passed through the triple valve to the 
brake cylinder it would pass through the leakage 
groove to the atmosphere and simply the power of 
the hand brake would remain. The clearance in the 
cylinder being very small would result in a very 
high pressure when the air first entered, thus tending 
to strain the rods and brake-chain, but the air would 
quickly escape as explained. 

Q. Which is the better brake from the standpoint 
of danger to the brakemen? 

A. The one in which both work together. If, 
where the brakes work opposite, a man is using the 
hand brake at the same time the engineer uses the 
air, or an air hose bursts, the air power will turn the 
brake-wheel in the opposite direction tending to throw 
the brakeman from the train. 

Q. If the cars of a train are equipped with air 
and hand brakes working together, and the train was 
being controlled by air, what could be done if the 
engineer lost control of the train? 

A. The engineer could call for brakes, and with- 
out releasing the air, the crew could add the power 
of the hand brakes to that of the air. 

Q. What ivould have to be done in a case like this 
if the hand and air brakes worked opposite? 
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A. After calling for brakes it would be necessary 
for the engineer to make a release before the crew 
could apply the hand brakes, since if this were not 
done and the hand brakes were applied, any leakage 
of brake cylinder pressure would allow the piston to 
move in, thus throwing slack into the brake rigging 
and releasing the hand brake. 

Q. How about leaving cars on a grade if the air 
brake is applied? 

A. If the hand and air work together, the hand 
brake can be applied without first releasing the air 
and it will remain set after the air leaks off. If the 
brakes work opposite, it is necessary to bleed the car 
before applying the hand brake ; if this is not done, 
the release of the air brake by leakage will also re- 
lease the hand brake and the car will run away. 

To be on the safe side it is best, as a general rule, 
to always release the air on one car at a time and 
apply the hand brake, when leaving a car or train on 
a grade; but this would not be necessary, from the 
standpoint of safety, if all hand and air brakes work- 
ed together. 

Q. Are most brakes designed to work together or 
opposite? 

A. A large majority of freight car brakes are de- 
signed to work together, while in passenger service 
the opposite is true ; but the importance of this ques- 
tion will result eventually in practically all brakes 
being designed to work together. 



The Retaining Valve. 

Q. With what equipments is the retaining valve 
used? 

A. Throughout the country on freight cars, and 
on engines, tenders, and passenger cars in mountain- 
ous country. 

Q. Why do they not use it on passenger cars in 
hilly country? 

A. It is not necessary, as the higher braking 
power used in passenger service is sufficient to run 
moderate hills with safety. 

Q. Where is it located on cars? 

A. Usually at the end, close to the brake standard 
on freight cars, and at the end about on the level of 
the edge of the hood on passenger cars. On vesti- 
bule cars it is located outside of the vestibule at the 
end of the car. 

Q. To what is it connected? 

A. To the exhaust port of the triple. 

Q. What is its use? 

A. To retain fifteen pounds pressure in the brake 
cylinder to steady the train, and keep its speed from 
increasing too rapidly while the engineer is recharg- 
ing the auxiliaries. 

Q. How does the handle of the valve stand when 
not in use? 

199 
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A. Straight down. 

Q. How does it stand when in use? 

A. In the position shown in the cut (Fig. 43). 

Q. If the brake is not applied, can it be set by 
turning up the retainer handle? 

A. No ; the retainer can be used only to hold air 
in the brake cylinder that has already been put there. 




TO EXHAUST PORT OF 
TRIPLE. VALVE 



Fia. 43.— Pressure Retaining Valve. 



Q. Explain the passage of the air through the re- 
tainer when not in use. 

A. With the retainer handle pointing down, as 
when not in use, any air coming from the cylinder 
would pass through ports b, a, and out to the atmos- 
phere through port e. 

Q. Explain the passage of air through the re- 
tainer when in use, as shown by the cut. 
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A. When the engineer increases his train-pipe 
pressure the triple assumes release position, and the 
air passing from the brake cylinder has to pass out 
through the triple valve exhaust port into the retain- 
ing valve pipe to the retaining valve. With the re- 
tainer handle turned up, the air passes through port 
b, a, b, until it strikes the weighted valve 20. Any 
pressure over fifteen pounds forces this valve from 
its seat and passes through the restricted port open- 
ing c to the atmosphere. When the pressure in the 
cylinder is reduced to fifteen pounds, it is held back 
by the valve 20. 

Q. What is the size of the small end of port c? 

A. One-sixteenth of an inch in diameter. 

Q. Why is it made so small? 

A. To keep the brake cylinder pressure from 
escaping to the atmosphere too rapidly after valve 
20 is lifted. 

Q. How long will it take the cylinder pressure 
to reduce from fifty down to fifteen pounds through 
this retainer? 

A. About twenty or twenty-five seconds, during 
which time the auxiliaries with an average length of 
train have become pretty well charged. 

Q. Have all retainers this restricted port c? 
A. No; in some old retainers there are two ports 
of i/i-inch diameter each. 

Q. Will a retainer hold more pressure with a 
long or a short piston travel on a car? 

A. It holds the same pressure regardless of the 
travel. The volume held is greater on the long 
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travel car, and consequently any leakage would not 
release the brake as quickly. 

Q. How do we test retainers? 

A. Have the engineer apply the brakes, and turn 
up the retainer handles. Then signal the engineer 
to release, and wait about a minute, after which walk 
along and turn down the handles. If a blow accom- 
panies the turning down of the handles, the retainer 
is working properly, otherwise the pressure has leak- 
ed away. 

Q. What troubles would make a retainer inoper- 
ative? 

A. A leak in the plug valve operated by the re- 
tainer handle; weight 20 (Fig. 43) being gone or dirt 
on its seat; a split or leaky pipe leading from the 
triple exhaust to the retainer, or a leak in the packing 
leather in the brake cylinder which would allow the 
air to escape to the atmosphere. 

Q. What could be the trouble with the retainer 
if, after the brake was applied and the retainer put 
in use, no air escaped from it when the engineer in- 
creased the train-pipe pressure? 

A. Port c might be blocked. 

Q. If we wish to use a retainer in descending a 
grade, should the handle be turned up before or after 
the brakes are applied? 

A. It makes no difference, if everything is in 
proper condition. 

Q. Explain a case where U would not be proper 
to turn up the retainer handle until just before we 
wish to use it. 
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A. If the slide valve in the triple leaked, and we 
turned up the retainer handle, air would accumulate 
to a pressure of fifteen pounds in the cylinder if the 
leakage groove were closed, and set the brake on this 
car. If the train were just pulling over a summit, 
the brake being on might stall the train. 

Q. Give a rule to produce best results in using 
the retainer. 

A. In testing retainers while standing, turn up 
the handles at your convenience before or after the 
brakes are applied ; but when using them on the road, 
turn them up just before the brakes are to be applied. 

Q. Is a retainer ever used except to steady a tram 
when recharging? 

A. Yes; when brakes have been applied too 
hard, a few are sometimes used at the head end to 
keep the slack bunched after releasing, when drifting 
along preparatory to making a stop. 

Q. Set a brake with the full service application, 
then turn up the retainer handle, release and re- 
charge. After charging the auxiliary m full again, 
make a full service reduction. Will the brake set 
any harder one time them (mother? 

A. Yes ; it will set harder the second time. 

Q. Why? 

A. When we started to apply the brakes the first 
time, we had seventy pounds auxiliary pressure and 
nothing in the brake cylinder. The second time we 
had seventy in the auxiliary and fifteen pounds in 
the brake cylinder. By comparison we see that we 
had more air the second time with which to do our 



134 New York Air-Brake Catechism. 

braking, and the pressures will therefore equalize 
higher. 

Q. Would we gain more the second time over that 
of the first with a long or a short piston travel? 

A. With the long, because the retaining valve on 
the long travel car retains the same number of 
pounds in the cylinder as on the short one, but a 
larger volume; having a greater volume the press- 
ures equalize correspondingly higher. The gain 
would be greater but not the actual pressure ob- 
tained. 

Q. Do we gain the whole fifteen pounds more the 
second time over what is obtained the first? 

A. No; we gain from about three to six pounds 
pressure, according to the piston travel. 

Q. About how much pressure do we get in the 
brake cylinder for a five-pound train-pipe reduction? 

A. It varies from seven to eleven pounds with 
average piston travel. It may be more or less, but 
this would be a fair average. 

Q. After getting the use of the fifteen pounds that 
the retainer holds, how much pressure would we then 
get in the cylinder for a five-pound train-pipe reduc* 
tion with cm average piston travel? 

A. Between thirty and forty pounds. 

Q. Where a twenty-pound reduction will set a 
brake in full without the aid of a retainer, how much 
reduction is necessary with the fifteen pounds it holds 
to aid? 

A. About fifteen pounds with fair travel. 

Q. Name mother gain after obtaining the use of 
the retamer f 
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A. If we have to apply the brakes in full, it does 
not take so long to recharge, as the auxiliary and 
brake-cylinder pressures equalize higher with the re- 
tainer to aid. 

Q. How could we tell if it was safe to turn up a 
retainer handle before reaching the top of a hill and 
not have the brakes drag? 

A. Put the hand over the exhaust port and hold 
it there a few seconds to see if any air is issuing ; if 
not, it is safe to turn up the handle. 



Table. 



(1) 


(8) 


(8) 


(4) 


(B 


Piston 
travel 

Inches 


6 Lbs. Ferv. 
K.duct.on 

Lbs. 


5 Lbs. Serv. 

Keduc. 
with Kei. 

Lbs. 


Pun 

Service 
or Emer- 
gency. 
Lbs. 


Full Scrv. 
or Emcr- 

grncy. 

with Ket. 

Lbs. 


4 


23 


59 


57% 


61 


5 


19y 2 


55 


55% 


59 


6 


13i/ 2 


51 


53 


58 


7 


11% 


43 


52 


57 


8 


10 


38 


5oy 2 


56 


9 


8 


35 


48 


55 


10 


+ 


32 


46 


54 


11 


+ 


30 


45 


53 



The above figures were obtained by taking an average of four 
tests for each condition. 

Each test was made with a train-pipe and auxiliary pressure 
of seventy pounds and a standard freight equipment. 

The first column represents the piston travel. 

The second column represents the brake-cylinder pressure ob- 
tained with a five-pound service reduction. 

The third column represents the brake-cylinder pressure ob- 
tained with a five-pound service reduction after once obtaining 
the use of the air held in the cylinder by the use of the retainer. 

The fourth column represents the brake-cylinder pressure ob- 
tained with a full service or with an emergency application. 

TJie fifth column represents the brake-cylinder pressure ofo- 
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tained with a full service or an emergency application after get- 
ting the use of the retainer. 

+ simply means that the gauge used registered no pressure less 
than five pounds. With an 11-inch travel the air is expanded into 
so large a space that a very small pressure is obtained with a 
light reduction. 

The table should be read from the left to the right. 



Combined-Automatic and Straight-Air Brake 
Equipment for Engines and Tenders. 

Q. For what purpose was this equipment de~ 



A. For use on engines and tenders in yard and 
freight service. 

Q. Why is it necessary on yard engines? 

A. Because a triple valve will not recharge the 
auxiliary reservoir between very frequent brake ap- 
plications ; as a result it is necessary for the engineer 
to make a great many stops with the reverse lever. 
Reversing an engine tends to draw cinders into the 
cylinders, where they cut the cylinders and packing. 
The brake on the switch engine should be such that 
it can be used as often as desirable and always have 
the maximum power available. Using the brake 
constantly also keeps the tires in much better condi- 
tion. A quick release is possible with the straight 
air, and, if desired, the brake can be partially re- 
leased. 

Q. Of what use is it on road engines? 

A. Aside from the advantages stated above, while 
switching, it provides a means of bunching slack, 
permits slow-ups to be made to pick up a flag, can 
be used, if desired, to help retard the speed of the 
train while recharging in descending grades; also 
in slowing up at times when much braking power is 

137 
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not required, and where it is unnecessary to waste 
the air to apply the brakes on all the cars and thus 
put needless work upon the pump; and it can be 
used to meet many similar conditions encountered in 
road service. 

Q. Does this brake operate entirely separate from 
the automatic, and is there no danger of obtaining 
too much braking power if one is used without first 
releasing the other? 

A. Each is entirely independent of the other, and 
the safety valves placed in the pipes leading to the 
driver and tender brake cylinders will permit only 
the predetermined amount of pressure considered 
suitable for maximum braking power. 

Q. What are the parts necessary to add to the 
standard engine and tender equipment? 

A. As illustrated in Fig. 44, it is necessary to 
apply on the engine: One % Straight Air Brake 
Valve; one Special Eeducing Valve; one Double 
Check Valve; one Safety Valve set at 53 pounds. 
On the tender : One Double Check Valve ; one Safety 
Valve set at 53 pounds ; one piece of hose 1 inch by 
36 inches long with nipple and union; two % angle 
fittings, and one % by 2 inch nipple. 

Q. What is the object of the special 'Reducing 
Valve? 

A. To reduce main reservjir pressure to 45 
pounds, that being considered proper with the 
straight-air brake. 

Q. What positions has the Straight-Air Valve? 

A. Release,' application, and lap positions. In 
please position cylinder pressure is exhausted direct 
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to the atmosphere ; in application position main reser- 
voir pressure, reduced to 45 pounds, passes through 
the brake valve to the double check valves and thence 
to the cylinders. 
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Q. Explain the mechcmism of the double check 
valve (Fig. 45). 

A. It consists of a double piston with a leather 
face on each. When air comes from the triple valve 
it forces the pistons to the left so that no air can 
enter through the straight air pipe ; a port (c') is also 
opened to permit the air coming from the triple valve 
to flow to the brake cylinder. When the straight air 
is used the opposite effects are produced ; that is, the 



TO BRAKE CYLINDER 
Vfe PIPE 




H PIPE 

to brake cyl1mdejr 

Fig. 45.— Double Check Valve. 

pistons blank the port connection to the triple valve 
(c), and open a port connection (c) from the straight 
air pipe to the cylinder. 

Q. What is the object of the safety valves (Figs. 
44 and 49)? 

A. If the reducing valve did not reduce the press- 
ure properly, owing to its being in poor condition, 
or if the automatic brake were used without first 
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releasing the straight-air brake, the safety valve 
would allow any pressure in excess of 53 pounds to 
escape. 

Q. If the straight-air brake is left partially ap- 
plied a/nd the automatic is then applied, what will 
be the result? 

A. Nothing unusual will be noticed until the engi- 
neer tries to release the automatic, at which time, as 
soon as the pressure in the pipe between the triple 
and double check valve is less than that between the 
straight-air valve and double check valve, the pistons 
in the double check valve will move over so as to 
stop the escape of air through the triple and establish 
a connection between the straight-air valve and cylin- 
der. 

Q. How then may the brakes be released? 
A. By placing the straight-air valve in release po- 
sition. 

Q. Where should the handle of the Engineer's 
Brake Valve be placed when the straight-air is in 
use? 

A. In Running Position. 

Q. If the automatic brake is partially applied 
amd the straight-air is then used, what will be the 
result? 

A. As just described, with the opposite condi- 
tions, the brake could not be released on the engine 
and tender without putting the Engineer's Brake 
Valve of the automatic system in Running or Release 
Position. 

The following directions, if properly followed, will 
produce best results : 
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1. Always keep both brakes cut in and ready for 
operation, unless failure of some part requires cut- 
ting out. 

2. Always carry an excess pressure in the main 
reservoir, as this is necessary to insure a uniformly 
satisfactory operation. 

3. When using automatic keep straight-air brake 
valve in release position, and when using straight- 
air keep the automatic valve in running position; 
this to avoid sticking of the driver and tender 
brakes. 

4. Automatic must not be used while straight-air 
is applied; if desirous of using the automatic, first 
release the straight-air. 

5. Though the use of straight-air while automatic 
is applied will not increase the driver and tender 
brake cylinder pressure above 45 pounds, yet release 
of either cannot be assured while the other brake 
valve is on lap or application position. 

6. Bear in mind that the straight-air on the 
driver and tender brakes is almost as powerful as the 
automatic brakes on same, and that each should be 
used with care to avoid rough handling of the train, 
and loosening of tires on drivers in holding down 
long grades. 

7. The straight-air reducing valve should be kept 
adjusted to 45 pounds and the driver and tender 
safety valves at 53 pounds. Where a full applica- 
tion of the straight-air causes either or both safety 
valves to operate, it indicates too high adjustment of 
reducing valve or too low adjustment of safety valves. 
Have them tested and adjusted. 
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Q. Where is the Straight-Air Brake Valve usual- 
ly located? 

A. On the side of the cab within convenient reach 
of the engineer when the engine is being run either 
forward or backward. 

straight-air brake valve. 

Q. Figs. 46 awd 47 show a longitudinal and am 
end section of the straight-air brake valve. What 
are its different connections? 

A. To the straight-air train pipe or brake cylin- 
der, to the main reservoir, and to the atmosphere as 
indicated. 

Q. Explain the operation of the valve. 

A. The main reservoir pressure, as indicated, is 
always free to reach chamber A (Fig. 46). The 
slide valve 1, controlled by the operating handle 2, 
controls the flow of main reservoir pressure into port 
B piped to the brake cylinder, and also the flow of 
air from port B (brake cylinder pressure) to the 
atmosphere through port D. 

Fig. 46 shows the valve in release position and, as 
indicated by the arrow, any air in the brake cylinder 
is free to pass through port B and through the cavity 
of the slide valve into port D to the atmosphere. 

Moving the controlling handle to lap position, as 
indicated, destroys the connection between ports B 
and D and all ports are blanked. 

By moving the controlling handle to the extreme 
position to the left the slide valve is moved ahead 
so that air in chamber A is free to pass through port 
B to the brake cylinder. This port connection, by 
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the proper manipulation of the controlling handle, 
may be made large or small as desired, thus produc- 
ing either a quick or slow application of the brake. 
A corresponding quick or slow release may also be 
obtained as desired. 





To Brake Cylinder To Main Reservoir 
3 /iPi.pe 3 4'Pipa 

Fig. 46.— Longitudinal Section op Fig. 47.— End Section of 
Straight- Am Brake Valve. Straight- Air Brake 

Valve. 

Q. If the valve handle is allowed to remain in 
application position how much brake cylinder press- 
ure will result? 

A. Forty-five pounds, or that for which the spe- 
cial reducing valve is adjusted. 
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Q. In what position should the brake valve handle 
be carried when the brake is not in use? 

A. Release position ; so placed any slight leakage 
of main reservoir pressure by the seat of the slide 
valve will not cause the brakes to creep on the en- 
gine and tender, since the air would escape direct to 
the atmosphere through the exhaust port of the slide 
valve. 

STRAIGHT-AIR REDUCING VALVE. 

Q. Name the different parts of the reducing valve 
(Fig. 48). 




Fig. 48.— Reducing* Valve for Straight-Air Brake. 
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A. 19 is the regulating stem; 20, regulating 
spring; 21, diaphragm stem; 22, nut; 23, diaphragm 
washer; 24, body; 25, feed- valve cap nut; 26, feed 
valve; 28, feed-valve spring; 29, spring box; 30, 
cheek nut; 31 diaphragm ring; 32, diaphragm; 33, 
diaphragm shield ; and 34, the regulating nut. 

Q. Explain the operation of this valve. 

A. The tension of regulating spring 20 is ad- 
justed so that a pressure of 45 pounds in chamber A 
will compress it and force the diaphragm up, at 
which time the feed-valve spring 28 and the main 
reservoir pressure below the feed valve will force 
the valve to its seat. 

When the pump is first started there is not suffi- 
cient pressure in chamber A to force the diaphragm 
up against the tension of the regulating spring 20, 
hence the diaphragm is forced downward unseating 
the feed valve 26 and main reservoir pressure flows 
by the feed valve until the pressure between the re- 
ducing valve and the straight-air brake valve is 45 
pounds at which time, as already described, the feed 
valve closes. 

When the straight-air brake is used the reducing 
valve will feed air to the straight-air brake valve 
whenever the pressure between the reducing valve and 
the brake valve is less than 45 pounds, or any other 
pre-determined pressure which is considered a safe 
cylinder pressure for braking purposes. Practice has 
demonstrated that 45 pounds is the proper pressure. 

Q. What are the chief troubles likely to result 
with the reducing valve? 

A. The rubber diaphragms may rupture, ahd 
dirt may collect on the seat of the feed valve 26. 
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Q. What would be the result if the diaphragms 
became ruptured? 

A. A leak would be produced that would have to. 
be supplied by the pump. 

Q. What would result if dirt collected on the seat 
of valve 26? 




Fig. 49.— Safety Valve. 



A. Maximum main reservoir pressure would be 
obtained between the reducing valve and the straight- 
air brake valve and, if the brake valve were left in 
application position, there would be a constant waste 
of air through the safety valves, shown in Fig. 44, 
as soon as the brake cylinder pressure exceeded 53 
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pounds, that at which the safety valves are usually 
adjusted to open. 

Q. What special care should be exercised in put- 
ting the reducing valve together? 

A. Care should be exercised, especially if a large 
wrench is used, not to screw the spring box 29 up too 
tight. If this is done the diaphragms 32 may be 
crushed sufficiently to make it impossible for feed 
valve 26 to seat and a high braking pressure will be 
available with the result that considerable air will be 
wasted through the safety valves. 

Q. How should the reducing valve be located? 

A. It should always be located inside the cab and 
with the spring box on top to prevent any accumula- 
tion of water, oil, or dirt from lodging on the dia- 
phragm, and not too near the heat of the boiler. 

Q. At what pressures should the reducing valve 
and the safety valve be adjusted? 

A. The reducing valve at 45 pounds and the safe- 
ty valve at 53 pounds. 



High-Pressure Control. 

Q. V/hat does Fig. 50 represent? 

A. The high-pressure control apparatus. 

Q. What special conditions is this equipment sup- 
posed to meet? 

A. It is designed for the purpose of making it 
easier to let heavily-loaded freight trains down steep 
grades. 

Q. How is this accomplished? 

A. By the use of a duplex or triplex governor 
on the engine and two safety valves, one on the en- 
gine and the other on the tender. 

Q. How does this make it any easier to drop heavy 
freight trains down grades? 

A. It permits of either of two train-pipe and 
main reservoir pressures being carried; the higher 
train-pipe pressure permits of a greater braking 
power on the cars but not on the engine and tender. 

Q. If a greater braking power is obtained on the 
cars, why does not a greater braking power also re- 
sult on the engine and tender? 

A. Because the safety valves on the engine and 
tender brake cylinders, as shown in Fig. 50, will not 
permit of any greater pressure than that obtained 
with the usual train-pipe pressure of 70 pounds. 

Q. Why is it not advisable to employ amy higher 
pressure on the driver cmd tender brakes? 
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A. Experience has demonstrated that in grade 
service tire heating is likely to result if a higher 
pressure is used. Another reason for not using this 
higher pressure consists in the fact that the weights 
of the engine and tender vary, hence the liability for 
wheel sliding would be increased were the higher 
pressures permitted. 

Q. Would there not be dcmger of sliding the 
ivheels on freight cars when using a higher train-pipe 
pressure? 

A. If used on empty cars, yes; but if used on 
heavily-loaded cars there would be no danger, as 
the braking power is usually 70 per cent of the light 
weight of the car, and when a car is loaded to its full 
capacity, the percentage of braking power as com- 
pared with the combined weight of the car and its 
contents is very much smaller than this even when 
using a train-pipe pressure of 90 pounds. The 
braking power on a loaded freight car approximates 
22 per cent of the total weight. 

Q. Which is the high-pressure governor Fig. 50? 
A. The one at the right. 

Q. What does the engineer do if he ivishes the 
usual train-pipe pressure of 70 pounds and a main 
reservoir pressure of 90 pounds? 

A. He opens the small cock in pipe c. This 
governor is adjusted to shut off steam when a train- 
pipe pressure of 70 pounds has been obtained; the 
excess pressure valve will give the desired excess 
pressure of 20 pounds so that when the pump stops 
there will be a pressure of 70 pounds on the train 
pipe and a main reservoir pressure of 90 pounds. 
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Q. In order to obtain a train-pipe pressure of 90 
pounds on the train pipe and 110 pounds on the main 
reservoir what should be done? 

A. Simply close the small cock in pipe c (Fig. 
50). Shutting this cock cuts out the low-pressure 
governor .and the pump will not stop until a train- 
pipe pressure of 90 pounds has been obtained; the 
excess pressure valve will have permitted 20 pounds 
excess to have accumulated in the main reservoir; 
hence, when the pump stops, there will be a pressure 
of 90 pounds in the train pipe and 110 in the main 
reservoir. 

Q. Would it be safe to use the 90-pound train- 
pipe pressure on the train pipe when there were one 
or two light cars in the train? 

A. No damage would result if a hose did not 
burst, or a heavier reduction than 18 or 20 pounds 
were not made, in which event the wheels on these 
cars might be slid. 

Q. What is the usual practice under such circum- 
stances? 

A. To cut out the one or two light cars. 

Q. With a train-pipe pressure of 90 pounds, is 
any more braking power developed with a 5, 10 or 
15-pound reduction than if 70 pounds were carried? 

A. No gain will be made unless train-pipe reduc- 
tions are continued after the point has been reached 
at which the auxiliary and brake cylinder pressures 
would equalize when using the 70-pound train-pipe 
pressure. 

Q. Why is this? 

A. Because, if calculated, it will be found that 
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it requires the same number of cubic inches of free 
air to raise the auxiliary reservoir pressure from 50 
to 70, 70 to 90, or 200 to 220 pounds. If the same 
amount of air is used in each case, the same pressure 
would result if 20 pounds were taken from the auxi- 
liary, when containing any pressure above 70 pounds, 
and put into the brake cylinder if the piston travel 
were not less than 8 inches. 

Q. If a reduction of 20 pounds will equalize the 
reservoir and brake-cylinder pressures when employ- 
ing an eight-inch piston travel and a train-pipe press- 
ure of 70 pounds, how much reduction will be neces- 
sary to equalize these pressures with a train-pipe 
pressure of 90 pounds? 

A. A 26-pound reduction. 

Q. How much more powerful would a brake be 
when using a train-pipe pressure of 90 as compared 
with 70 pounds? 

A. Approximately 25 per cent. 

Q. What does Fig. 51 illustrate? 

A. This illustrates the latest practice as recom- 
mended by the New York Brake Company for either 
the high-pressure control or the high-speed brake. 
It is their standard double-pressure system operated 
by a triplex governor. 

Q. At what pressures are the three governor 
heads adjusted? 

A. The one at the left, 70 pounds ; the middle one, 
90 pounds if used with the high-pressure control, 
and 110 pounds when used with the high-speed brake; 
the one at the right is adjusted at from 100 to 140 
pounds, according to whether the engine is to be used 
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in high-pressure control or high-speed service, and 
according to the condition of country, number of cars 
hauled, length of train, etc. 

Q. If it is desired to use the ordinary 70-pound 
train-pipe pressure what is done? 
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Fig. 51.— Method op Piping Triplex Governor. 



A. Cut-out cock A is left open. With this cock 
open, and the brake valve in running position, the 
pump will stop when the train-pipe pressure has 
reached 70 pounds. When a reduction of train-pipe 
pressure has been made, and the brake-valve handle 
is on lap, the pump goes to work and will not stop 
until the main reservoir pressure has reached that 
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at which the governor head at the right is adjusted. 
By the time the engineer is ready to release there 
will be a high main-reservoir pressure with which to 
make a prompt release and recharge. With the 
brake valve in running position the pump will stop 
when the train-pipe pressure is 70 pounds but the 
excess pressure valve will give an excess pressure of 
20 pounds. During such time as the brake is not 
applied it will only be necessary for the pump to 
operate against a pressure of 90 pounds. 

Q. What should be done if it is desired to use 
this equipment tvith the high-pressure control or 
high-speed equipment? 

A. Close cock A. With this cock closed, and the 
brake valve handle in running position, the pump 
will not stop until the pressure in the train pipe has 
reached that for which the middle pressure head is 
adjusted. With the high-pressure control this would 
be 90 pounds, while with the high-speed brake it 
would be 110 pounds. As soon as a reduction of 
train-pipe pressure is made, and the brake-valve 
handle is placed on lap, the pump will start to work 
and not cease operations until a main-reservoir press- 
ure is obtained that will operate the high-pressure 
governor head at the right. With the brake valve 
handle in running position a train-pipe pressure of 
90 or 110 pounds, according to the adjustment of 
the middle pressure head, will be obtained, and the 
excess-pressure valve will give an excess pressure of 
20 pounds in the main reservoir. At the time of a 
release, however, the excess pressure depends upon 
the adjustment of the high-pressure head at the right. 



Duplex Control. 

Q. What is the purpose of the apparatus shown 
in Fig. 52? 

A. To provide a means by which a high main- 
reservoir pressure is available with which a quick 
release and recharge may be made on long freight 
trains. This is accomplished in such a way that it 
is necessary for the pump to operate against a high 
main-reservoir pressure during only such time as the 
brake is applied. 

- Q. What additional parts are necessary to obtain 
the advantages of this device? 

A. An extra pressure head for the governor and 
a Siamese fitting, as shown in Fig. 52. 

Q. At what pressure is it customary to adjust 
these pressure heads? 

A. The one which, as indicated, is connected to 
train-pipe pressure is set for 70 pounds, while the 
one connected to main-reservoir pressure is set at 
110 pounds. 

Q. What objection is there to using one pressure 
head and adjusting it to stop the pump when a main- 
reservoir pressure of 110 pounds has been obtained? 
, A. A pump operating against a high pressure 
continuously in freight service is much more likely 
to become overheated. 

Q. Explain its operation. 
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A. As indicated on the cut, the low-pressure head 
is connected to the train pipe and the high-pressure 
head to main-reservoir pressure. 

Duplex Gauge Supplementary 
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Fig. 52.— Duplex Control. 
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With the brake- valve handle in running or release 
position the pump is stopped by the low-pressure 
head as soon as train-pipe pressure reaches 70 
pounds. When the brake valve is in running position 
the excess pressure valve gives the proper excess 
pressure in the main reservoir. 

As soon as the brake-valve handle is moved to ser- 
vice position and the train-pipe pressure is below 70 
pounds, the pump immediately starts to work and will 
not cease operations until main reservoir pressure has 
reached 110 pounds. 

When the brake- valve handle is moved to release 
position the high pressure assures a prompt release 
and recharge. 



Signal System. 

Q. What form of signal was used before the com- 
pressed air signaling apparatus was invented? 
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Fig. 53 —Signal Equipment on Engine. 

A. The old bell rope and gong signal, such as is 
now used on freight trains. 

Q. Do all roads use the air signal in passenger 
service? 
A. Not all, but most roads do. 

159 
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Q. What parts of the signaling apparatus are 
found on the engine? 

A. The reducing valve (Fig. 57), the signal valve 
(Fig. 56 or 59), the whistle (Fig. 58), and the pipe 
connections as shown in Fig. 53. 

Q. What parts are found on the car? 

A. The discharge valve (Fig. 55), the signal cord 
running the length of the car, and the signal-pipe 
connections as shown in Fig. 54. 

Q. Where is the discharge valve (Fig. 55) usually 
located? 

A. As shown in Fig. 54, although it is sometimes 
found inside the car over the door. 

Q. Why is it better placed outside? 
A. When it is so placed the noise of the discharge 
will not affect nervous people. 

Q. How does the car discharge valve operate? 

A. The signal cord is attached to the valve in the 
hole of 5 (Fig. 55) ; when the cord is pulled, valve 3 
is forced from its seat, allowing whistle-pipe pres- 
sure to escape to the atmosphere. 

Q. What is the trouble when there is a constant 
leak from the discharge valve? 
A. There is dirt on the seat of valve 3 (Fig. 55). 

Q. Where is the signal valve (Figs. 56 or 59) lo- 
cated? 

A. In the cab, where it will not be subjected to 
severe heat or cold. 

Q. Where is the reducing valve (Fig. 57) usually 
placed? 
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A. It was formerly customary to locate it outside, 
next to the main reservoir, but now good practice 
locates them inside the cab where they cannot freeze 
in winter. 

Q. What is the duty of this valve? 

A. To maintain a constant pressure on the signal 
pipe. 
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Fig. 54 

Q. Explain trie action of the reducing valve 
(Fig. 57). 

A. The top spring has a tension determined by 
the pressure to be carried on the whistle pipe. This 
spring holds piston 6 down as long as the tension of 
the spring is greater than the pressure underneath 
the rubber diaphragm 7. 
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As long as the piston is down, valve 5 is held from 
its seat, allowing main reservoir pressure to feed in 
as indicated. It passes by valve 5, up under the 
piston, and into the signal pipe as indicated, until 
the pressure on the whistle pipe and underneath the 
diaphragm 7 is greater than the tension of the spring 
over the piston 6, when the spring is compressed, 
allowing piston 6 to travel up, and spring 10 raises 
valve 5 to its seat, shutting off the further passage 
of air from the main reservoir to the signal pipe. 

Q. Where is the whistle (Fig. 58) located? 

A. In the cab, as near the engineer as convenient. 

Q. To what is it connected? 

A. To a pipe which leads from the signal valve 
as indicated (Figs. 56 and 59). 

Q. What is its use? 

A. As the signal or whistle valve (Figs. 56 and 
59) operates, the air leaving this valve escapes 
through the whistle (Fig. 58). The blast signals 
the engineer. 

Q. Where does the air come from that supplies 
the signal system? 
A. From the main reservoir on the engine. 

Q. Explain the passage of the air from the main 
reservoir through the signal system. 

A. It first passes from the main reservoir (Fig. 
53) through the reducing valve. After leaving the 
reducing valve there is a tee in the pipe, one branch, 
of which leads to the signal valve (Fig. 56 or 59) 
and the other back into the train. Under each car 
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(Fig. 54) there is a strainer in a tee, and a branch 
of the whistle pipe goes to the discharge valve. 

Q. What does the conductor do if he wishes to 
signal the engineer? 
A. He pulls the signal cord in the car. 




Fig. 55. 

Q. What effect has this? 

A. It makes a sudden reduction on the signal 
pipe which, as will be described later, causes the sig- 
nal valve to operate and blow the signal whistle. 



SIGNAL VALVE. 

Q. Name the parts of the signal valve (Fig. 56). 

A. 1 is the diaphragm; 4 the diaphragm stem; 5 
the lower case; 7 the pivot valve; 8 the upper case; 
9 the lower diaphragm plate ; 10 the upper diaphragm 
washer; and 11 the cap. 

Q. Explain the operation of the signal valve. 
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A, When air pressure is present in the signal pipe 
it is free to enter the signal valve as indicated; it 
passes through the small feed ports 2 and 3, thus 
charging chambers B and A on either side of the dia- 
phragm 1. The ports are so proportioned that, in 
response to a quick reduction of signal-pipe pressure, 
the pressure in chamber A can escape faster than 
that in chamber B. As a result, the greater pressure 
in chamber B forces diaphragm 1 and diaphragm 
stem 4 up, causing the pivot valve to unseat; air is 
thus permitted to pass through ports 6, and to the 
signal whistle as indicated. 

Q. What causes the whistle to cease sounding? 

A. The same reduction that caused the signal 
valve to operate also caused the reducing valve to 
open. In response to the increase of signal-pipe 
pressure, due to the opening of the reducing valve, 
the increased pressure enters the signal valve, passes 
through port 2 into chamber A and forces diaphragm 
1 to the position shown. This action seats the pivot 
valve and causes the blast of the whistle to cease. 
The pressures in chambers A and B equalize quickly 
through port 3, and the signal valve is again ready to 
respond to a reduction of signal-pipe pressure. 

Q. How long must we wait before again trying to 
put the signal valve in operation? 

A. About three seconds, long enough to be sure 
that the pressures in chambers A and B have equal- 
ized. 

Q. Give a rule by which we can pull the whistle 
signal cord in the car and gain the best results. 
A. When pulling the cord, make an exhaust of one 
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second, and then wait three seconds to allow the 
whistle to cease blowing and the pressures to equalize 
throughout the signal system before making another 
reduction. 

Q. In pulling the signal cord, tvhat should always 
be borne in mind? 



To Whistle 




Fig. 56. 



A. That it is not the amount of reduction but the 
suddenness that causes the whistle to blow. 

Q. Fig. 59 shows the latest type of signal valve 
sent out by the New York Air Brake Company and 
is known as the 1903 model signal valve. Explain 
its operation. 

A. A description of its operation would be but a 
repetition of the description of the older type of sig- 
nal valve shown in Fig. 56. 

Q. What is the difference in the construction of 
the two valves? 
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A. The difference in the valves consists in the 
method of drilling port 3; a glance at this port in 
the two valves clearly demonstrates this point. A 
projection 13 fastened to the post 5 has also been 
added to the later type of valve. 

Q. What has been accomplished by drilling port 3 
into the large port 12, and by having the port 12 fit 
over the pin IS f 

A. The valve is made more sensitive to light, 
quick reductions in signal pipe pressure, without 
being affected by ordinary leakage; and hence gives 
better results on all lengths of train. 



Peculiarities a,nd Troubles of the Signal 
System. 

Q. If no air reaches the signal pipe when am en- 
gine is coupled to a train, and we know thai all cocks 
stand properly, what might be responsible for the 
trouble? 

A. The reducing valve might be frozen, or the 
signal pipe blocked with ice. The reducing valve 
seldom freezes except when located outside of the 
cab and then only in cold weather. 

Q. What is the trouble if the signal cord is pulled 
in the car and no air issues from the car discharge 
valve? 

A. The cut-out cock in the saloon has been closed, 
the strainer into which the branch pipe connects is 
closed, or the seat of the valve in the car discharge 
valve is loose. 

Q. Give conditions that would result in the air 
whistle not responding properly. 

A. A dirty strainer in the tee under the car where 
the branch pipe to the car discharge valve couples 
to the signal pipe; ports 2 or 3 of the signal valve 
(Figs. 56 and 59) being stopped up; a baggy dia- 
phragm 1 (Figs. 56 and 59), or a hole in it; the bowl 
of the whistle (Fig. 58) being closed with foreign 
matter, or the bell being improperly adjusted ; a re- 
duction that took air enough from the signal pipe 
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but that did not take it fast enough ; or, as explained 
before, the reducing valve might be frozen. 

Q. Why would the whistle not respond if ports 2 
or 3 (Figs. 56 and 59) were closed? 

A. No air could enter the signal valve if port 2 
were closed and if port 3 were closed no air could 
reach chamber B beneath the diaphragm and there 
would be no air pressure to force the diaphragm up- 
ward when a reduction of signal-pipe pressure was 
made ; hence, the pivot valve would not be lifted from 
its seat and no air could reach the whistle. 

Q. Why would a baggy or stretched diaphragm 1 
(Figs. 56 and 59) cause the whistle not to respond? 

A. When a reduction is made in the signal pipe 
one is also made in chamber A of the signal valve, 
leaving the pressure in chamber B greater. With 
the diaphragm bagged the pressure in chamber B 
lifts the diaphragm, but the stem 4 is not moved- 

Q. What will cause this diaphragm to bag? 

A. The use of poor rubber, or oil from the pump 
may work through to the diaphragm and cause it to 
decay. 

Q. What may cause a whistle to respond but once 
tvhen the conductor pulls the cord twice? 

A. He may have pulled the cord the second time 
before the whistle stopped blowing in response to the 
first reduction, with the result that but one long blow 
would be obtained ; or the second reduction may have 
been made before the pressures in chambers A and B 
had become equalized. A very light reduction will 
sometimes produce the same result, in which case the 
pressure in chamber A is not reduced sufficiently to 
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permit the pressure in chamber B to lift the dia- 
phragm. 

Q. What will happen if dirt lodges on the seat of 
the small valve in the reducing valve (Fig. 57)? 

A. The valve cannot close and signal-pipe pres- 
sure will equalize with that in the main reservoir. 




TO MAIN RESERVOIR 

Pia. 57. 




Fig. 58. 



Q. What effect will this have? 

A. The whistle is likely to blow, especially on a 
short train, when the brakes are released. On a long 
train the reduction would be more gradual owing to 
the larger volume siid the blast of the whistle would 
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be longer. The air whistle on the engine will screech 
when used ; there is a tendency for the whistle to blow 
two or three times when the signal cord is pulled but 
once; there will be a stronger exhaust from the car 
discharge valve when the signal cord is pulled ; and 
hose are more likely to burst. 

Q. Why is the whistle likely to blow when the 
brakes are released if there is main reservoir pres- 
sure on the whistle pipe? 

A. To release brakes main reservoir pressure is 
put into the train pipe. This makes the pressure 
in the main reservoir less than that in the whistle 
pipe, and, on account of the dirt on the seat of the 
valve (Fig. 57), whistle-pipe pressure feeds back 
into the main reservoir. The resultant reduction of 
signal-pipe pressure causes a blast of the whistle. 

Q. Why, with this trouble, is the whistle more 
likely to sound on an engine alone, when the brakes 
are released, than with a train? 

A. With an engine alone there is but a small vol- 
ume of air on the signal pipe, and this pressure feed- 
ing back into the main reservoir would cause a more 
sudden reduction than if the signal pipe were longer 
and the volume greater as on a train. 

Q. Why will the air whistle on the engine screech 
when used? 

A. Because the bell of the whistle is adjusted to 
operate with a 40-pound pressure instead of that 
which is carried on the main reservoir. 

Q. If an engineer wishes to know how much pres- 
sure he has on his signal pipe, and he has no test 
gage, how can he determine this pomtf 
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A. Shut off the pump throttle and open the bleed 
cock on the main reservoir, then get up in the cab and 
watch the red gage hand. When the whistle blows, 
the red hand represents a trifle less pressure than is 
being carried on the signal pipe. 

Q. Why does the whistle blow? 



To 
Signal P pc- 




Fia. 59. 

A. Because when the main reservoir is drained 
below the pressure in the whistle pipe, that in the 
signal pipe feeds back into the main reservoir, caus- 
ing a reduction of signal-pipe pressure, and this 
usually causes the whistle to blow. 

Q. What will cause a whistle to sing constantly? 
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A. Dirt on the seat of the pivot valve (Figs. 56 
and 59). 

Q. Why may jars cause a whistle to blow? 

A. Oil baking on the diaphragm 1 of the signal 
valve makes it rigid, and a sudden jar may cause the 
diaphragm to lift, thus unseating the pivot valve. 

Q. How may the signal-pipe pressure be m- 
creased? 

A. By putting a washer under the present spring 
or by putting in a spring with more tension. 



The Sweeney Compressor. 

Q. What is the object of the Sweeney device? 

A. To recharge a main reservoir quickly in de- 
scending very heavy grades when the air pressure 
is low. 

Q. Explain the parts. 

A. It consists of a pipe running from the steam 
chest to the main reservoir. In the pipe there is a 
cutrout cock, a safety valve, and a non-return check. 

Q. How is it operated? 

A. By turning the cut-out cock and reversing the 
engine when steam is shut off. The main cylinders 
and pistons act as compressors, and compressed air is 
forced into the steam chest and thence through the 
pipe connection to the main reservoir. 

Q. What is the objection to this device? 

A. It is extremely handy in case of emergency, 
such as low pressure or the refusal of a pump to 
work. The objection to it is, that smoke, gas, and 
heat forced into the main reservoir burn out gaskets 
and get the brake system very dirty. 
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Water Brake. 

Q. What is the Water or La Chatelier Brake? 

A. It is a brake by means of which the equivalent 
effect of reversing an engine is produced ; that is, the 
back pressure on the pistons acts through the pins the 
same as when using steam. 

Q. Is water actually used at the point where the 
work of retardation is accomplished? 
A. No, it is then in the form of wet steam. 

Q. Where does the water used come from? 

A. It is taken from the boiler just above the crown 
sheet. The pressure from above being removed as 
soon as it leaves the boiler it flashes into wet steam. 
The compression to which it is subjected in the cylin- 
ders produces heat that also tends to change any 
water into steam. 

Q. Is the lubricator shut off when the water brake 
is in use? 

A. No, it should be kept in operation the same as 
when using steam. 

Q. What special care should be taken when usmg 
steam after the use of the water brake has been dis- 
continued? 

A. To avoid throwing water out of the stack 
steam should not be used until the water has had 
ample time to work out. Theoretically there is no 

m 
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water, but in practice a small amount is usually 
found. 

Q. Can a water brake be used on either a simple 
or compound engine? 

A. Yes ; Fig. 60 shows its application to a simple 
and Figs. 61 and 62 to a compound engine. 

WATER BRAKE ON SIMPLE ENGINE. 

Q. What part does the water play after it takes 
the form of wet steam? 

A. As the pistons move back and forth the wet 
steam in the exhaust cavities (Fig. 60) is drawn into 
the cylinders. 

Q. How does it escape from the cylinders? 
A. Through the cylinder cocks. 

Q. If it were not for the wet steam being drawn 
into the cylinders when the engine is reversed, while 
using the water brake, what would happen? 

A. Cinders and smoke would be drawn into the 
cylinders and in a short time they would be cut and 
ruined. The heat due to compression would also be 
considerable. 

• Q. How should cm engineer proceed to put the 
water brake in use? 

A. The cylinder cocks should first be opened and 
should remain open as long as the water brake is in 
use; the reverse lever should be moved back of the 
center the desired amount and the globe valve (Fig. 
60) should be opened immediately. 

Q. When should the water brake be put in use? 
A. When the train is moving slowly. 
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Fia, 60 —Water Brake on Simple Engine. 

Q. At how fast a speed is it practical to operate 
a water brake? 

A. It is not generally used at speeds in excess of 
14 to 20 miles per hour. 
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Q. How far should the reverse lever be moved 
back of the center? 

A. This depends upon the amount of work that is 
required. The farther back the lever is moved the 
greater the power. 

Q. How much should the globe valve (Fig. 60) 
be open to obtain the right amount of steam in the 
cylinders? 

A. It should be adjusted until the steam issuing 
from the cylinder cocks is a dense white. 

Q. What will be the character of escaping steam 
at the 'cylinder cocks if too little water is being used? 

A. It will be a light blue in color. 

Q. How can it be told if too much water is being 
used? 

A. Water will be thrown out of the stack. This 
is especially noticeable if the lever is very near the 
center. 

Q. What is the purpose of the 1-32-inch hole 
drilled in the 1-2 x 3-8-inch tee, as indicated (Fig. 
60)? 

A. To permit any condensation to escape. 

Q. In erecting the piping what special care should 
be observed? 

A. Care should be exercised to locate the i/o-inch 
x %-inch tee in the center to insure the same amount 
of steam reaching each cylinder; otherwise the ten- 
dency would be for one side of the locomotive to fur- 
nish more retarding power than the other. 
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THE BALDWIN WATER BRAKE FOR BALDWIN COMPOUNDS. 

Q. Does what has been said in general concerning 
the water brake for a simple engine also refer to the 
Baldwin Water Brake for compounds? 




Fig. 61.— Side View op Water Brake for the Baldwin 
Compound. 



Water Brake 179 

A. Yes, and with this as with the other, the hold- 
ing power is due to the engine being run reversed, 
the water being used as herein explained. 

Q. Explain the cuts (Figs. 61 and 62) referring 
to the water brake for compounds. 

A. Fig. 61 is a side view of the front end and Fig. 
62 is an end view. When water is permitted to enter 
pipe A (Figs. 61 and 62) it finally reaches a a, where 
it enters the exhaust passages. D (Fig. 62) is a gate 
or back pressure valve, by means of which the en- 
gineer can regulate the amount of back pressure 
against which the pistons will operate. E is a safety 
valve located in the live steamways to permit any 
back pressure above a given amount to escape. C 
(Figs. 61 and 62) are air inlet valves, which when 
necessary permit air to enter the cylinders and pre- 
vent smoke and cinders from being drawn in. B 
(Fig. 61) is a hinged lid used to close the exhaust 
nozzle. 

Q. How is the brake put to tvork? 

A. The initial steps are the same as with the 
water brake on simple engines : Open cylinder cocks, 
put reverse lever in extreme backward position, and 
open the water valve. The exhaust nozzle lid B 
should also be closed, and the air inlet valves C be 
opened. 

Q. Trace the passage of the water or steam. 

A. As air enters the inlet valve C (Fig. 61) it 
mingles with the hot water and steam entering the 
exhaust cavities from a a. From here it passes by 
the piston valve G and enters the low pressure cylin- 
der. When the movement of the piston in the low 
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pressure cylinder is reversed this combination of 
steam, water and air, excepting that which escapes 
at the cylinder cocks, is compressed while the other 
end of the cylinder is being filled. The steam being 
compressed passes by piston G and on, as indicated 
(Fig. 62), into the opposite end of the high-pressure 




Fig. 62.— End View of Water Brake for Baldwin Compounds. 
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cylinder H. On the return stroke of the piston it is 
forced from the high-pressure cylinder by the piston 
valve and on into the steam pipe J J, where what 
does not escape at the back pressure valve D accumu- 
lates. The safety valves E take care of any pressure 
in excess of a safe amount. 

Q. How is the ivater brake operated on a two 
cylinder compound of the Schenectady type? 

A. Generally two water pipes are used on ac- 
count of the vast difference in the sizes of the two 
cylinders, and the exhaust valve between the receiver 
and the low pressure exhaust passage is left closed 
while using the water brake. Otherwise the water 
brake is used practically the same as on a simple 
engine. 



Train Inspection. 

Q. Why is train inspection necessary? 

A. To find and remedy, before trying to handle 
the train on a grade, any defects that would render 
its handling unsafe; part of the pistons may be out 
against the cylinder heads when the brakes are ap- 
plied, the retaining valves may be poor, some brakes 
may not apply, auxiliaries may not charge, leaks may 
exist, the brakes may go into emergency when trying 
to make a service application, and many other de- 
fects may exist. 

Q. Where should we begin to get a train ready? 
A. At the rear. 

Q. Is it wrong to start at the head end? 

A. It would not be were the cocks not opened be- 
tween the tender and cars. If the cocks were opened 
the air would blow through and out of a chance open 
cock, and a loss of time and air would result. 

Q. Commencing at the rear, what should be done 
first? 

A. The. rear angle cock must be closed and the 
hose hung up. 

Q. What harm is there in allowing the hose to 
drag? 

A. It collects dirt and cinders, which are blown 
into the train and help to close strainers, and which 
work into the triples and cause them to wear faster. 

1^2 
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In winter, ice getting into the hose, may block it 

Q. What should we do as we go toward the 
engine? 

A. See that the retainer handles are turned down, 
hand brake released, hose coupled, and cocks turned 
so that the cars are cut in. 

Q. How does the cock in the cross-over pipe, con- 
necting the train pipe to the triple, usually stand when 

the car is cut in? 

» 

A. At right angles to the pipe. See Plate I. 

Q. Hoiv should the angle cocks stand at the end 
of the car ivhen cut in? 
A. Parallel with the pipe. 

Q. Do the angle cocks and cut-out cocks always 
stand as just described? 

A. No ; sometimes in just the reverse positions. 

Q. Why is this? 

A. These are cocks used with very old equipment 
and may be readily recognized, as they differ in 
shape from those now employed. If in doubt, look 
at the crease in the top of the plug, which always 
stands parallel to the opening in the valve. 

Q. What should we always do before coupling 
the hose between the engine and cars? 

A. Blow out the train pipe on the engine to get 
rid of dirt and water. 

Q. After coupling the hose and turning the angle 
cocks, are ice ready to look over the brakes? 
A. No, not until the pump has charged the train. 
Q. With a constant pressure of seventy pounds on 
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the train pipe, hoiv long should it take to charge one 
auxiliary from zero to seventy pounds with the 
modern equipment? 
A. About seventy seconds. 

Q. How long does it take to charge a train of 
twenty cars? 

A. This depends on the condition of the pump 
and the leaks in the train. If the capacity of the 
pump were sufficient to keep a constant train-pipe 
pressure of seventy pounds, twenty cars could be 
charged as quickly as one. This cannot be done, as 
twenty feed grooves take air from the train pipe faster 
than the pump will supply it. 

Q. Who should tell when it is time for the test? 

A. The engineer. He should wait until full pres- 
sure is obtained and then make a 20-pound service re- 
duction. 

Q. What should then be done? 

A. One inspector should go over the train turning 
up the retainer handles, while the other examines 
piston travel and looks for leaks. 

Q. What should the piston travel be? 

A. If no rule exists on your road in regard to this, 
a piston travel between 5 and 8 inches will be found 
to give good satisfaction on ordinary grades. 

Q. What should be done after the retainer handles 
are raised and the piston travel adjusted? 

A. The engineer should be signaled to release, 
and then there should be a wait of a minute to allow 
the brake-cylinder pressure to reduce to what the 
retainer holds. 
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Q. What should then be done? 

A. The man on deck should turn down the re- 
tainer handles. If a blow issues from the retainer 
when the handle is turned down, it is working prop- 
erly. A strict count of those working should be kept. 
The man on the ground should walk along and see that 
the brakes release when the retainer handles are 
turned down. 

Q. What should be done after the inspection is 
completed? 

A. A report should be made to the engineer and 
conductor, giving them a knowledge of the piston 
travel, the number of retainers in working order, the 
number of cars, the number of air cars in working 
order, tonnage, and any general information concern- 
ing the condition of the train. 

Q. In testing, would it do to open the angle cock 
at the rear of the train to set the brakes? 

A. This is decidedly a poor practice ; brakes that 
cannot be worked from an engine will sometimes 
work by opening an angle cock. If a hose lining were 
loose, a brakeman might apply the brakes and an 
engineer release them all right, while, in making the 
reduction from the engine, the train-pipe reduction 
going ahead might roll up the lining and close the 
hose. We want to know just how the brakes will 
work from the engine. 

Q. If there is a leak in the hose couplings, what 
should be done? 

A. Turn angle cocks, break the coupling, and, if 
the seat is bad and there is no extra hose gasket, 
make the seats round, if they are not so, and re- 
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couple. If the leak still exists, break the coupling, put 
a small stick back of each lug, and close the couplings 
on them. 

Q. Why should paper never be used to make a 
joint? 

A. It works into strainers, often causing an 
auxiliary to charge slowly, and it may prohibit get- 
ting quick action on this car. 

Q. When inspecting a train, if we find a brake 
that does not apply with the rest, ivhat should be 
done? 

A. See that the car is cut in properly, and try the 
bleed cock to see that there is air in the auxiliary. 
If the auxiliary is charged, signal the engineer for a 
train-pipe reduction. 

Q. If the brake applies and then leaks off gradu- 
ally, icithout any air coming out of the triple ex- 
haust, what is probably the trouble? 

A. The air is blowing by the packing leather in 
the brake cylinder. 

Q. How can a brake that does not apply when 
the reduction is made be sometimes made to work? 

A. By cutting it off from the car ahead and the 
one behind it and opening the angle cock. The cylin- 
der may be dirty, and setting the brake in the emer- 
gency may loosen the dirt and cause it to work prop- 
erly. 

Q. If the auxiliary were found to contain no air 
when the bleed cock was opened, what might be the 
trouble? 

A. The feed grooves might be closed in the triple ; 
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the strainer where the§cross-over pipe joins the main 
train pipe, or the one where the cross-over pipe joins 
the triple, may be filled with dirt and scale. 

Q. Is it good practice to pour oil into a hose to 
make a brake work? 

A. Decidedly not; it may occasionally furnish 
temporary relief, but it will decay the rubber-seated 
valve and dampen the strainers, pipe, and triples so 
that dirt will adhere to them and render them sticky. 

Q. Is a small leak, one that the pump ivill easily 
overcome, more easily managed in a long or a short 
train? 

A. In a long train. 

Q. Why? 

A. Because there is a much larger volume of air 
in a long train pipe, and the reduction causing the 
brakes to leak on harder after being applied will be 
much slower on a long than on a short train. Fre- 
quently a leak that could not be gotten along with in 
a train of three of four cars, if cut in with twenty 
tight cars, would not be noticed. 

Q. If a retainer ivere broken off and the pipe 
plugged, what would result? 

A. After the engineer applied the brake, he could 
not release it, as the exhaust port would have been 
closed and permit no cylinder pressure to escape. 

Q. Would it interfere with applying the brake? 
A. No. 

Q. If a brake sticks, uhat should be done? 
A. Look to see that no retainer handle is up, that 
the hand brake is not set, and that no lever is caught. 
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Then signal the engineer again to release. If he is 
unable to release it, cut the car out and bleed it. 

Q. Should a car be bled alien cut out? 

A. Always; a leakage of train-pipe pressure be- 
tween the cut-out cock and the triple might cause the 
brake to apply after it was cut out if any air were 
left in the auxiliary. 

Q. If the piston stays out on a car after we hear 
the air escape from the triple exhaust port, what is 
wrong? 

A. The release spring is weak probably. 

Q. Is it necessary to cut such a brake out? 

A. No ; the jar of the wheels against the shoes will 
force the piston in. 

Q. If two hose couplings are frozen together, how 
should they be separated? 

A. The ice should be thawed, or the gaskets will 
be torn. 

Q. If a triple fails to work because it is frozen, 
ivhat should be done? 

A. It should be thawed and the drain plug re- 
moved in the bottom of the triple, to remove the water 
and avoid a repetition of the trouble. 

Q. What two things would cause the brakes to 
go into emergency when making a gradual train-pipe 
reduction? 

A. The port in the vent valve piston being wholly 
or partially closed, or a triple valve being sticky. 
Port F being partially closed is not so likely to pro- 
duce the emergency application on a long train in re- 
sponse to a gradual service reduction. 
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Q. How could we find the triple causing the 
trouble? 

A. On a train of five or six cars we can watch to 
see which brake grabs first and cut the car out. On 
a long train the brakes do not usually apply with 
the first reduction on the car causing the trouble, so, 
to find the faulty triple, have the engineer make a 
five-pound train-pipe reduction, find the car with the 
brake not set and cut it out. Then try again with all 
cut in to be sure that the faulty triple has been found. 

Q. Hoiv tvould we find the faulty triple if the 
brakes went in quick-action with the first reduction 
on a long train? 

A. Turn an angle cock in the middle of the train 
and see which half contains the trouble; continue in 
this manner until the trouble is located in a five-car 
lot; have the brakes applied and watch these five to 
see which brake goes into quick-action first, and cut 
out the defective triple. 

Q. If an emergency has been used, or we find a 
car cut out, and, ivhen we cut it in, a strong heavy 
blow issues from port M and the brakes set on the 
other cars at the same time cannot be released, what 
is the trouble? 

A. The vent valve piston is stuck and thus per- 
mits air to reach the emergency piston which is forced 
back unseating the emergency valve, thus permitting 
auxiliary reservoir pressure to pass down to the check 
valve, unseat it, and pass into the brake cylinder. 
The escape of air at port M causes a train-pipe reduc- 
tion that applies the other brakes. 

Q. How can we close it? 
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A. Tap the triple lightly. If this does not seat 
the valve, turn the cut-out cock in the cross-over pipe 
until the blow stops. The reduction of train-pipe 
pressure may permit the vent valve to seat. 

Q. In trying the brakes on a passenger train, hoiv 
should the signal be given? 

A. From the head car to apply them and from 
the rear car to release them ; this method will assure 
us that the cocks through the train stand properly. 
On an excursion train the signal should be tried from 
each car of the train to be sure that the cut-out cocks 
in the cross-over to the discharge valve stand prop- 
erly. 

Q. Explain a means by which poor brakes can be 
detected? 
A. By feeling of the wheels at the foot of a grade. 

Q. What will characterize the wheels on the cars 
having the poor brakes? 

A. They will be cold, or cooler at least than the 
others. 

Q. What is this test called? 
A. The thermal test. 

Q. Would ice expect to find the same degree of 
heat in all the wheels? 

A. No; the heavier cars will have the greater 
braking power as compared with the light ones, and 
these cars would naturally have warmer wheels. This 
test, nevertheless, is a very valuable aid in detecting 
poor brakes. 

Q. How would you account for it if a test were 
made at the top of a grade and all the brakes applied, 
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hat some of the wheels ivere found to he cold ivhen 
making the thermal test at the foot of the grade? 

A. One of four chief causes is generally, respon- 
sible for this condition: low braking power, poor 
packing leathers, poor retainers, or triple feed 
grooves in a dirty condition. 

Q. What could dirty feed grooves have to do ivith 
the cool wheels if the reservoirs charged all right and 
the brakes applied properly at the top of the grade? 

A. In the usual yard test air enough will leak 
past the triple-piston packing ring to charge the auxil- 
iary so that the brakes will apply properly if the feed 
groove is dirty. In descending a heavy grade there 
are but a few seconds in which to recharge between 
brake applications; as a result the reservoirs on the 
cars are never recharged after the first application 
that is made on the grade, and the brakes on these 
cars, as developed by the thermal test, are practically 
useless although they did pass the first test. 
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Q. What should we always do before coupling 
to a train? 

A. Start the pump and be sure that everything is 
working properly. Do not wait to discover pump or 
engineer's valve defects when your train is in and 
ready to proceed. 

Q. How should an engineer handle the brake on 
liis engine in coupling to a train? 

A. In backing onto a train, especially an empty 
one, he should make two or three applications of his 
driver and tender brakes, and leave his valve on lap 
when coupling to the train. 

Q. Why is this done? 

A. To couple to the train with reduced auxiliary 
pressures. 

When the cocks between the engine and tender are 
turned, in coupling a train to an engine, the brakes 
are usually applied on the engine and tender on ac- 
count of the reduction caused by the air flowing back 
into the train. If the train pipe is long and empty, 
the main reservoir pressure might flow back and 
equalize with that in the train pipe at so low a pres- 
sure that it might not be able to overcome the tank 
and driver auxiliary pressures so as to force these 
triples to release position. In this case the two brakes 
would be stuck, and if more cars were to be picked 
up, we would have to wait to pump up, or get down 
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and bleed these two brakes off. If we had backed 
onto the train with reduced auxiliary pressures on the 
engine and tender, we would not have met with this 
trouble, as the main reservoir pressure could then 
have raised that in the train pipe sufficiently high to 
have released the brakes. , 

Q. What should be done after getting our cars 
placed in the train? 

A. We should wait until everything is fully 
charged. 

Q. How can ive tell when the train is charged? 

A. The pump will about stop ; or place the valve 
on lap, and if everything is charged the black hand 
will not fall. 

Q. What should then be done? 

A. A thorough test of piston travel, leaks, and 
retaining valves should be made before attempting to 
handle the train on grades. 

Q. Hoiv much reduction should be made? 

A. A gradual 20-pound reduction. 

Q. Why is it necessary to make a test? 

A. A part of the pistons may be traveling against 
the cylinder heads, the travel may be too short, the 
retainers may not be good, or there may be something 
wrong with a triple that would throw the whole train 
into emergency when the service application was de- 
sired, in which case freight might be shifted or 
broken, especially in a train partly equipped with 
air brakes. 

Q. In testing brakes, from what point should they 
always be applied and released? 
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A. From the engine. 

Q. Hoiv could it happen that a brakeman could 
turn an angle cock at the rear of the train and apply 
the brakes, and an engineer could release them, but 
that the engineer could not set them from the engine? 

A. The lining of a hose might be loose, so that the 
engineer could throw air back into the train to release 
the brakes, but when a reduction was made, the air 
flowing in the opposite direction might roll the lining 
up and close the hose. 

Q. Is this a common occurrence? 
A. No, but it is by no means unheard of. 
Q. What else should always be tested? 
A. The train pipe, to see if it leaks, and how 
much. 

Q. How should this be done? 

A. By making a seven-pound reduction in service 
position and then placing the valve on lap. Watch 
the black hand, and the fall of it will show the leak 
on the train pipe. 

Q. Will not a leak on the train pipe show if the 
valve is simply lapped without first applying the 
brakes? 

A. It will in time, but not nearly so quickly as by 
the other way. 

Q. Why not? 

A. If the valve is simply lapped, the brakes are 
not applied, the triples are in release position, and 
the feed grooves connect the auxiliaries and train 
pipe. If there is a leak in the train pipe with the 
triples in release position, the air from the auxiliaries 
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will leak through the triple feed grooves back into 
the train pipe, and not only the train pipe but the 
auxiliary pressures will have to be reduced before 
the black hand on the gage will register the leak. 

Q. Why is the other ivay quicker? 

A. If the brakes are first applied and the valve 
then placed on lap, the feed grooves in the triples be- 
tween the auxiliaries and train pipe have been closed 
and the leak simply has to reduce the train-pipe pres- 
sure when the black hand will register the leak. With 
a large volume of air a given leak will reduce the 
pressure much more slowly than the same leak draw- 
ing air from a smaller volume. 

Q. Just as soon as a train tips over the summit 
of a hill, what should be done? 

A. A reduction of train-pipe pressure should be 
made to be sure that no angle cocks have been turned 
and that the brakes take hold properly, also to get 
the use of the retainers as soon as possible. 

Q. How can we tell if the angle cocks back of the 
tank are properly turned? 

A. By the sound of the train-pipe exhaust. The 
more cars of air the greater the volume of air on the 
train pipe, and the longer the graduating valve will 
stay open to make a given reduction. 

Q. What should be done if the brakes do not hold 
properly, or we know by the train-pipe exhaust that 
an angle cock has been closed? 

A. Blow brakes before the train gets to moving 
fast. 

Q. How much reduction should be made for the 
first? 



196 New York Air-Brake Catechism. 

A r Not less than five pounds, and after we get 
over fifteen cars it is better to make a seven-pound 
reduction. Ten pounds is the proper initial reduc- 
tion to make on heavy grades where all air loaded 
trains are handled and where this amount of reduc- 
tion will not reduce the speed too quickly. 

Q. In a part air train, ivhat would be the harm 
in starting ivith a 10-pound reduction? 

A. The brakes setting hard on the air-brake cars 
would cause the slack on the non-air cars to run up 
hard, causing a jar that would be likely to damage 
the car or the contents, to say nothing of the effect 
on the crew in the caboose. 

Q. Why is a light reduction liable not to set the 
brakes, especially on a long train? 

A. Because with a large volume of train-pipe 
pressure, reductions are made so slowly that there is 
a tendency for auxiliary pressure to feed through the 
triple feed grooves into and equalize with that in the 
train pipe, in which case the triple pistons would not 
move ; or, if they did, the air going from the auxiliary 
into the brake cylinder very slowly would blow 
through the leakage grooves past the pistons and out 
to the atmosphere. 

Q. Hoic much should be made for the second re- 
duction? 

A. This is governed largely by circumstances, 
but the best results with long trains will be gotten if 
no very light reductions are made. If the reduction 
is being made on a long train and the packing rings 
of some of the triples are a little loose, there is a 
tendency on the part of the auxiliary pressure, that 
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should go to the brake cylinders, to leak back into 
the train pipe by the packing ring. 

Q. We continue our train-pipe reductions until 
finally our brakes are full set, that is, all the auxil- 
iary and brake-cylinder pressures have equalized. 
How much reduction is usually necessary to accom- 
plish this, if the piston travel is not over 8 inches? 

A. About twenty pounds, if it is made with one 
reduction ; but in handling a train on a grade, if we 
needed to get all we could, it would be permissible 
to make a 20-pound reduction. 

Q. Give the reason for this last statement. 

A. In descending a grade, we may have gone a 
considerable distance while we have been making a 
twenty-five-pound reduction. Naturally, some of the 
air put into the brake cylinders has escaped by the 
packing leathers to the atmosphere in going this dis- 
tance, and making another train-pipe reduction will 
let more auxiliary pressure to the cylinders. Where 
the twenty-pound reduction was made with one re- 
duction, the air had no time to leak away by the 
cylinder packing leathers. 

Q. Suppose tve had already made a 25-pound re- 
duction and the packing leathers in the brake cylin- 
ders were practically tight, if tee continued taking air 
from the train pipe, would the brakes be set any 
harder? ' 

A. No. 

Q. Would ue lose any braking power? 
A. Yes. 

Q. How would ue lose braking power? 
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A. The brake is already full set, that is, the auxil- 
iary and brake-cylinder pressures are equal; with a 
further reduction of train-pipe pressure, no more 
auxiliary pressure can go to the cylinder ; but just 
as soon as the auxiliary pressure is enough greater 
than that in the train pipe the triple-piston moves 
out and the port between the auxiliary reservoir re- 
mains open and, train-pipe pressure now being less 
than these pressures, air may feed by the triple pis- 
ton packing ring and into the train pipe. This could 
not happen if the piston formed a good joint on the 
leather gasket, but these gaskets tend to dry out in 
time, in which case the piston does not always form 
a tight joint. 

Q. What places should we pick out, if possible, in 
which to recharge? 

A. Where the grade lets up a little and on curves 
where a train binds. 

Q. To release brakes, where should the handle of 
the engineer's valve be placed? 

A. In full release position. 

Q. How long should it be left here? 

A. This is governed entirely by the length of the 
train. If, in descending a grade, both hands on the 
gauge show that the train-pipe and main-reservoir 
pressures equalize below seventy pounds, the valve 
should be left in this position until both hands start 
to go above seventy. If the pressures equalize above 
seventy pounds when the valve is placed in full re- 
lease, and stay there, the valve should be moved to 
running position as soon as the brakes are released, 
so as not to overcharge the auxiliaries. This repre- 
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sents general practice but there are exceptions in 
heavy grade work with heavy trains. 

Q. Why, on a long train, should the valve be left 
in full release position until both hands start above 
seventy pounds? 

A. A large port connects the main reservoir and 
train pipe in this position and a small one in run- 
ning position, and we get the benefit of the excess 
pressure from the main reservoir in recharging; the 
pump works faster, and we can charge the train much 
more quickly, because the train-pipe pressure being 
higher forces air into the auxiliaries faster. 

Brakes are likely to stick and wheels slide, especi- 
ally on a long train, if we try to release them in run- 
ning position. 

Q. Why does the pump work faster? 
A. Because there is less main-reservoir pressure 
for it to work against. 

Q. Why will some brakes stick in trying to re- 
lease them in running position? 

A. Because the train-pipe pressure rising slowly 
may feed by some triple-piston packing rings, and 
allow auxiliary pressure to keep equal with that in 
the train pipe. 

Q. Why will the wheels slide in this case? 

A. Because the brake on this car has been left full 
set and the auxiliary fully recharged. A five-pound 
reduction will probably set this brake in full with a 
pressure of sixty-five pounds, and this is more than 
is safe, especially with a light car. If a brake once 
sticks it is very likely to remain stuck, as the auxili- 
ary and brake-cylinder pressures equalize so high 
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that it requires a higher train-pipe pressure to re- 
lease this brake, and the train-pipe pressure increas- 
ing slowly, gives the air a better chance to leak by the 
packing ring. A brake acting this way may be all 
right if handled properly. 

Q. In descending a grade after getting the use of 
the retainers and having everything recharged, why is 
a five-pound reduction much more effectual than or 
five-pound reduction made without the use of the re- 
tainer? 

A. Because in one case we are putting five pounds 
from the auxiliary into fifteen pounds in the cylinder, 
and in the other we are putting five pounds from the 
auxiliary into an empty cylinder, and a part of that 
put in blows through the leakage groove before the 
piston travels far enough to close it. 

Q. If a 20-pound train-pipe reduction will apply a 
brake in full without the use of the retainer, how 
much reduction ought to set the brake in full after get- 
ting its use? 

A. Not over fifteen pounds. 

Q. If all retainers are being used, is it necessary 
after charging up to make a 5 or 7-pound for our first 
reduction? 

A. Yes ; some of the retainers might have been out 
of order, so as not to hold any air in the cylinder, and 
less than a five-pound reduction would not catch 
these brakes again. 

Q. What should an engineer do, if, when he is not 
using the brakes, he feels them applying so as to 
diminish the speed of the train perceptibly? 
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A. He should place the handle of the engineer's 
valve on lap. 

Q. Why? 

A. Probably a hose has burst, or the conductor is 
using the conductor 's valve. If the valve is not lap- 
ped, the main reservoir pressure will be lost, and 
there will be no pressure with which to release the 
brakes and recharge the auxiliaries. 

Q. Which is less hurtful, a leak that tvill grad- 
ually slow a train up, or one that tvill simply keep the 
train running steadily? 

A. A leak that will slow a train up is much to be 
preferred. 

Q. Why? 

A. If the leak simply runs the train steadily and 
the engineer allows the pressure to gradually leak 
away because he seems to be making a nice, smooth 
run, he would have a hard time stopping the train if 
necessity demanded it, after the pressure had leaked 
down to fifty pounds. 

Q. Should an engineer try to make as smooth a 
nm with air as can be done with hand brakes? 

A. As a rule, no; although on some light grades 
a few retainers will run them smoothly. On heavy 
grades and long train it is necessary to slow up to 
recharge. 

Q. What should always be done, where possible, 
in making train-pipe reductions? 
A. Watch the gauge. 

Q. What is the best method of making a water- 
tank or turn-table stop with an engine alone? 
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A. One application is best to use with an engine 
alone. If we find that we are stopping three or four 
feet short, open the throttle, and the engine can be 
helped along a short distance and a smoother stop be 
made. 

Q. What happens every time you use the emerg- 
ency on a turntable? 

A. You strike the table a blow equal to the weight 
of your engine multiplied by the speed at which you 
are moving, and then, if the turntable breaks down, 
wonder why the company does not provide a decent 
table. 

Q. In making a water-tank stop with a passenger 
train, how should it be done to avoid a jar to the train 
and passengers? 

A. The stop should be made with two applications 
of the brake, except the grade is too steep and the 
pressure too low for safety. 

Q. How do we handle the valve to make the first 
release so that the brakes will respond with the first 
reduction? 

A. When the speed of the train has been reduced 
to about ten miles an hour, throw the valve handle 
to full release and bring it back on lap immediately. 

Q. Why bring it back on lap? 

A. So as not to raise the train-pipe pressure too 
high. The feed grooves in the triples are small, and 
have only three or four seconds in which to equalize 
the train-pipe and auxiliary pressures. If the valve 
is left in full release or running position, and the 
train-pipe pressure gets to seventy pounds and there 
is, say, only fifty-five pounds in the auxiliaries, the 
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triple pistons will not move to service position until 
over a 15-pound reduction of train-pipe pressure 
has been made. By the time we have made this 
amount of reduction in service position we shall have 
gone by the water-crane, unless we use the emerg- 
ency, and that is what is usually done if the engineer 
is not up to date. 

Q. When should brakes be released on a passenger 
train? 
A. Just before the train stops. 

Q. What should be done on a grade just heavy 
enough so that the train will start with the brakes 
released? 

A. Stop the same as at a water-crane. No jar will 
be felt with a light application. 

Q. How about a heavy grade? 

A. Our stop will then depend on the grade and 
our pressure. Safety should be of first importance, 
even if the stop is a. trifle rough. 

Q. What makes the jar, if the brakes are not re- 
leased before the train stops? 

A. With the brakes set hard, the trucks are dis- 
torted, and it is the struggle of the trucks to right 
themselves that causes the jar ; the setting of the draft 
springs also tend to produce rough stops if the brakes 
are not released until just as the train comes to a stop. 

Q. Can brakes be released longer before stopping 
after a light or a heavy reduction? 

A. After a heavy reduction, as there is more air 
in the cylinders to be gotten rid of, and the brakes 
release more slowly. 
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Q. What is meant by an application? 

A. It covers all the time from the moment the 
brake is applied until it is released ; three or four re- 
ductions may be made during one application. 

Q. In making a stop with a freight train, when 
should brakes be released? 

A. After the train comes to a full stop, to avoid 
breaking the train in two if the slack runs out hard 
in releasing before stopping. 

The exceptions to this rule are covered in the 
chapter on The Combined Automatic and Straight- 
Air Brake. 

Q. If we have stopped short with a freight train, 
and need to release before stopping to pull up farther, 
what should be done? 

A. We should wait for the slack to adjust itself 
in the train before using steam. Even then the 
steam should be used very cautiously. 

Q. In running passenger trains over cross-overs 
to get around freights, what care should be taken? 

A. To do this, brakes have to be used when flag- 
ged, at the upper cross-over, lower cross-over, and 
usually at a station. We should charge up as much 
as possible after each application. Do not follow 
the plan of releasing and putting the valve on lap in 
such a case, to be sure the triples will respond quick- 
ly: They will respond quickly, but if the station is 
on a grade, you may not have air enough left to make 
the stop when you get there. 

Q. What is the usual cause of trains running 
away? 

A. Making a great many reductions without oc- 
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casionally charging up, or allowing the pressure to 
leak away, because the train is running steady, and 
then when we get ready to recharge, not having 
enough air left to slow up* the train. 

Q. On a fast passenger run, how may time be 
saved in using the brake? 

A. By waiting longer before applying the brakes 
and then making a reduction of about ten pounds at 
the start. 

Q. Will this not jar the passengers? 

A. Not when going fast. Passenger trains consist 
mostly of continuous platform cars, and there is very 
little slack to run up. A 10-pound reduction made 
with a train moving ten miles an hour would produce 
a very unpleasant sensation to passengers, where at 
forty miles an hour it would not be noticed. This is 
explained in the subject High-Speed Brake. 

Q. Should brakes be tested in taking on cars? 

A. Always; to be sure that the brakes on these 
cars work properly, and that the brakes back of them 
can be applied and released through them. 

Q. When all retainers on a train are not neces- 
sary, how should they be used? 

A. At the head end if the grade is short; other- 
wise change them about, using them on every other 
car, so as not to overheat any wheels. 

Q. If the brakes are applied and the engineer 
tvishes to release and drift two or three hundred feet 
before stopping, what should be done? 

A. Enough retainers should be put in operation 
to keep the slack bunched; the straight-air may be 
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used for this purpose if it forms a part of the engine 
and tender equipment. 

Q. When should hand brakes be used? 

A. On the rear of a part air train when backing 
it into a siding, or, if it stands on a knoll, to keep 
the slack from running back. 

Q. Should hand brakes and air brakes be used 
together on the same car? 

A. This is a risky practice. If the two brakes 
work together, we are very likely to slide wheels, and 
if they work in opposition, there is danger of a brake- 
man being thrown from the car, and the hand brake 
being applied will take up the slack in the brake rig- 
ging, so that the piston cannot get by the leakage 
groove. 

Q. If hand brakes be used back of the air ivhen 
there are not enough air brakes to control the train, 
ivhat is likely to happen? 

A. This is likely to produce a bad effect when 
the air brakes are released. If the retainers are 
poor and allow the slack to run out, the train may 
be broken in two. 

Q. If hand brakes are to be used icith the air, 
where should they be applied? 
A. Next to the air. 

Q. Should driver brakes be cut in when descend- 
ing a heavy grade? 

A. Always, or so much more work is thrown on 
the car brakes. The use of a water brake would, of 
course, be an exception to this rule. 
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Q. If cut in all the time on heavy grades ivould 
the tires not become overheated? 

A. In heavy grade work the piping is usually so 
arranged that a cock can be closed between the triple 
valve and brake cylinder, or a pipe from the brake 
cylinder is run into the cab and a cock attached to 
same. In either case the proper manipulation of 
these valves will prevent overheating of tires. 

Q. If cm air-brake train should be stalled on a 
grade, should part of the train be left with air brakes 
to hold them until the engine comes back? 

A. No; the air brakes should be released one at 
a time, and the hand brakes applied. If left with 
the air holding them, the air might leak off and allow 
the train to run away. 

Q. When brakes are full set, the long travel 
brakes are easier to release. They may be released 
and leave the short travel brakes applied. Is this 
good practice in holding trains? 

A. No; it is very bad practice. A train may be 
broken in two in this way, and generally bad results 
may follow. 

Q. If brakes stick and will not release by placing 
the valve in full release, ivhat should be done? 

A. Make a full service reduction and then, with 
a full excess pressure, throw to full release. If a re- 
lease from the engine is possible, this will accomplish 
it. 

Q. What harm is there in pulling hose apart in- 
stead of uncoupling them? 

A. The couplings are likely to be sprung so that 
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they cannot be coupled again, and the train pipe is 
likely to be torn from the car or engine. 

Q. What is the trouble, when there is a leak on 
the train pipe, if the engine is alone, but coupled to 
tight cars, the leak does not show? 

A. The leak is in the angle cock at the rear of the 
tender. When coupled to a train, the leak is not 
noticed as the cock is open. With the engine alone 
the cock leaking allows air to pass out of the hose to 
the atmosphere. 

Q. In double heading, which engine should handle 
the brakes? 

A. The lead engine. 

Q. What should the second engineer do? 

A. Turn the cut-out cock under his valve, and 
under no circumstance, unless told or signaled to, 
should he cut in and interfere with the work of the 
lead engine. 

Q. If the pusher engine has no cut-out cock, what 
should be done? 
A. The valve should be placed on lap. 

Q. In case of emergency, when it is necessary for 
us to leave the engine, what should be done? 

A. Throw the engineer's valve to full emergency 
position and leave it there. In our hurry, if we tried 
to lap the valve, we might get it into running posi- 
tion and release the brakes. 

Q. If the emergency position of the brake valve 
were used and the handle was brought back to lap 
position quickly, what might result? 

A. There might be two or three cars cut out, a 
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couple of plain triples, a contracted passage, or a 
couple of cars that would not go into quick-action on 
account of dirty strainers. If these cars were to- 
gether, they would not help to carry the quick-action 
back. Generally a quick-action triple will not send 
a quick reduction through five cars which are cut out. 
In this case, if the engineer's valve had been lapped 
too quickly, the surge of air ahead from the rear end 
would release the head brakes, and all we would have 
would be a very light service reduction on the cars 
back of those cut out. If we leave the engineer's 
valve in emergency position long enough, we could 
at least get the full service application on these cars, 
and the emergency on those ahead of the cars cut out. 

Q. Should the engine be reversed when the driver 
brakes are applied, if we wish to stop quickly ? 

A. No; the following test made by Mr. Thomas, 
Assistant General Manager of the N. C. and St. L., 
clearly demonstrates that the air brake used alone 
is better than the brakes with the reverse lever, or 
than the reverse lever alone. 

The results of these tests were published in the '95 
Air-Brake Proceedings, and are given on the pages 
following. 

The conditions of the test were as follows : 

Driving brake power, seventy per cent; tender, 
one hundred per cent; N. C. and St. L. coaches, nine- 
ty per cent; Pullman sleeper, forty to one hundred 
and one per cent. 

Boyer speed recorder was used and tests were 
made : first, brakes applied ; second, engine reversed ; 
third, sand lever opened. Track was level, in best 
possible condition, and all circumstances favorable. 
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From the record of tests the following valuable 
information was derived: 

First. Best stops are made with braking power 
not quite strong enough to skid wheels. 

Second. Length of stop is the same in reversing 
the engine whether cylinder cocks are open or closed. 

Third. The wheels did not lock rigidly when the 
engine was reversed without the brakes being used. 

Fourth. The tests demonstrated that the brakes 
used alone are better than with the engine being re- 
versed. The stop is quicker, and there are no flat 
spots obtained. 

Fifth. Enough sand is much better than too 
much. 

Sixth. Sand should be used before wheels start 
skidding, as its use will not start the wheels revolv- 
ing when once skidding; it will simply increase the 
flat spots. 

Seventh. Sand being used on a straight track, 
the drivers did not lock when the engine was re- 
versed, but on a curve they would. On a curve the 
engine rocks, and sand is not so likely to strike the 
rail. 

Eighth. In expected emergencies, the drivers did 
not lock when sand was used before brakes were ap- 
plied and engine reversed, but it took so long to get 
the sand running first that, in the end, the stop was 
not made as quickly as with unexpected emergencies 
where the engine was not reversed. 

Ninth. The unexpected emergencies are the ones 
that bear the most weight, as expected emergencies 
are practically unheard of. 



Cfem Brake. 

The following simple rule to find the braking 
power developed by a cam brake is given by Mr. H. 
A. Wahlert: 

Take two wires and place them between the brake 
shoe and the wheel, one at the top and one at the 
bottom of the shoe. Apply the brakes fully, and 
then measure the piston travel. Now release the 
brakes, recharge, and then apply fully again. Meas- 
ure the piston travel again, and note how much more 
it has increased. Divide the additional travel had 
upon removing the wires by the thickness of the wire, 
and multiply this by the value of the cylinder. The 
result is the braking power on each brake shoe. 

Four times this power is the total braking power 
developed on all four shoes. 

EXAMPLE. 

Thickness of wires, % inch. 

Piston travel, with wires inserted according to 
rule, 3 inches. 

Piston travel, with wires removed, 3y> inches. 

Value of 8-inch cylinder, 2,500 pounds. 

3y 2 inches — 3 inches = % inch. 

y 2 i n ch -T- % inch = 4. 

2,500 pounds X 4 = 10,000 pounds on each brake 
shoe. 

10,000 pounds X 4 = 40,000 pounds on all four 
brake shoes. 
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Outside Equalized Brake Leverage. 

Q. How do you find the braking power on an en- 
gine equipped with the outside equalized brake as 
shown in Fig. 63? 

A. Multiply the cylinder value, or total push on 
the piston, by the long lever arm, and divide this 
product by the short lever arm. ' This result multi- 
plied by 2 gives the total braking power. 

Q. With the long lever arm 25 inches long and 
the short arm 5, what braking power would we have, 
using 12-inch cylinders? 
A. 56,000 pounds. 
Thus: 

5,600X25 = 140,000 

140,000 -^- 5= 28,000 

28,000 X 2= 56,000 

Q. If any different design of rigging were used 
than that shown in the sketch, how could the braking 
power be figured? 

A. First find the power exerted at the bottom of 
the rocker shaft and use this in connection with the 
cuts illustrating the different classes of levers as con- 
tained in the subject of Brake Leverage. 

Q. What per cent of the total weight of drivers is 
used as braking power with driver brakes? 

A. Seventy-five per cent of the engine's weight on 
the drivers when ready for the road for a simple en- 
gine and from 55 to 60 per cent for compounds. 
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Q. What braking power should be used on an 
engine whose weight on drivers is 90,666 pounds? 
A. 90,666 X .75 = 68,000 pounds. 

Q. What weight should be on the drivers for cm 
engine to have 68,000 pounds braking poiver? 
A. 68,000 -T- .75 = 90,666 pounds. 

Q. How should the holes be spaced in levers A 
and D on an engine having two pairs of drivers, to 
give an equal braking power on each wheel? 




Fig, 63.— Outside Equalized Brake. 



A. The middle hole in A should be equidistant 
from the two outside ones. The hole in the lever at 
D should be so as to have the connection attached at 
k stand about parallel with the track. The corres- 
ponding hole k at the other end of the lever D must 
be placed the same distance from the other end. 

Q. How should the holes be spaced in levers A, 
B, and D, if on a mogul or engine having three pairs 
of drivers? 

A. The distance e, lever A, should be one-half the 
distance /. The distance g, lever B, should be equal 
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to h. The hole k, lever D, should be the same as on 
an engine having two pairs of drivers. 

Q. Hotv should the holes in the levers A, B, C, 
and D be spewed on a consolidation or engine with 
four pairs of drivers? 

A. The distance e in lever A should be one-third 
of /. The distance g, lever B, should be one-half of 
h. The distance i, lever C, should be equal to j. The 
hole k in lever D should be the same as with an en- 
gine having two or three pairs of drivers. 



Lubricants. 

Q. What lubricants should be used in the differ- 
ent brake apparatus? 
A. Steam cylinder of pump — Valve oil. 
Air cylinder of pump — Valve oil. 
Brake valve — High-grade machine oil. 
Triple valve and high-speed reducing valve — 

High-grade mineral oil. 
Brake cylinder — A light grease that will not 
flow in summer or become thick in winter. 
A great many people seem to think that any kind of 
a lubricant is good enough for the air brake appar- 
atus ; if a little more attention were given to this part 
of the air-brake subject much better and more satis- 
factory results would be obtained and the life of the 
apparatus would be increased correspondingly. 

On the long trains of to-day it is especially import- 
ant to use the kind of air cylinder lubrication recom- 
mended since the pump is called upon to do much 
more work than formerly, and in order to make the 
conditions as favorable as possible a good quality of 
oil and a larger amount of it must be used. The 
practice of using engine oil in a pump can not be con- 
demned too strongly as the flash test of this oil is low 
and will not lubricate properly where subjected to the 
heat that exists in the air cylinder of the pump. In- 
stead of acting as a lubricant, it burns, and the burnt 
oil tends to make the pump wear faster and it also 
clogs the air passages. 
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Piping. 

Q. What should be done in preparing pipe for 
use? 

A. After bending the pipe it should be blown out 
with steam to get rid of scale and dirt. If there is no 
steam at hand, air should be used. Under no con- 
sideration should pipe be used without first being 
cleaned. All fins should be carefully removed to pre- 
vent their working loose and clogging strainers. 

Q. What should be done to the pipe ivhile it is 
being bloivn out? 
A. It. should be tapped lightly to loosen the scale. 

Q. What size pipe should be used in the different 
parts of the system? 

A. The sizes given in the air-brake catalogues are 
correct and should be strictly adhered to. 

Q. When using red lead on pipe hoiv should it be 
applied? 

A. Always, on the outside of the thread to be 
screwed in, as in this way the red lead will not get 
inside the pipe. 

Q. In applying piping, what should be avoided? 

A. No sags should be allowed in which water 
might collect ; where practicable, gentle bends should 
be substituted for elbows, and very short bends 
should be avoided. 
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Q. Why are elbows or short bends undesirable? 
A. The friction caused by them retards the flow of 
air when a sudden reduction is desired in emergency, 

Q. Could pipe work be so crooked and elbows so 
numerous on an engine that a sufficiently quick reduc- 
tion to cause emergency would not go through an 
engine? 

A. Yes; this has been found so on engines, but 
the trouble was remedied when the number of elbows 
and bends was reduced. 

Q. tlow should pipe work be secured? 

A. By clamps that will hold the pipe rigidly in 
place so as not to allow the pipes to be moved, holes 
to be chafed in them, or any vibration to exist. 

Q. After the pipe work is applied, ivhat should 
be done? 

A. It should be thoroughly tested under full press- 
ure, and the leaks detected by the use of soapsuds. 

Q. After the pipe is tested, what should be done? 

A. It should be painted with a rust-proof paint 
and one, if posssible, that will not be affected by salt 
water dripping from refrigerator cars or by the acid 
in soft coal. 

Q. Why is larger pipe used on freight than on 
passenger cars? 

A. Because on a long freight train a sudden re- 
duction will travel through the large pipe more quick- 
ly, as the larger the pipe the less the friction exerted 
to the passage of the air. 

Q. Is there any other reason? 
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A. Yes; in emergency, with quick-action triples, 
air from the train pipe is put into the brake cylinder ; 
a freight car being shorter than a passenger car, the 
larger pipe makes the volume of air in the train pipe 
more nearly equal to that in the smaller pipe used on 
the longer passenger cars. 



Air-Brake Recording Gages. 

Q. What is an air-brake recording gage? 

A. It is a mechanism by means of which lines are 
traced upon a chart. An examination of these lines 
will tell exactly how the brakes have been manipu- 
lated by the engineer. 

Q. What causes the lines to be traced upon the 
chart? 

A. The contrivance has an arm containing a pen 
which is raised or lowered as the pressure fluctuates 
in the place to which the gage is piped. As the pen 
and chart move, a line is traced showing the variation 
of the pressure. 

Q. What causes the chart to move? 

A. It is connected with a clock movement, by the 
adjustment of which the movement of the chart is 
controlled. 

Q. To what else is the recording gage similar? 

A. To a steam indicator; but in that case steam 
instead of air causes the pen to rise or lower as the 
pressure changes, and the movement of the main 
steam piston imparts a movement to the indicator 
drum upon which paper is fastened, and upon which 
a line is traced by a pen or pencil. 

Q. To what part of the air brake system is the re- 
cording gage piped? 
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A. It may be piped to the train pipe, the auxiliary- 
reservoir, or the brake cylinder. On a passenger 
train the gage is usually placed at the rear of the 
train, while on a freight train it is placed in the 
caboose. 

Q. Which of these places is preferred? 

A. The train pipe. So connected, the chart shows 
the fluctuation of pressure when the brakes are ap- 
plied and released, and the exact habits of the engi- 
neer are shown. 

Q. How many forms of recording gages are there? 

A. Two; a revolving gage, the chart of which is 
shown in Fig. 64, and a horizontal gage, a chart from 
which is shown in Fig. 65. 

Q. From the record made by a recording gage, 
what may be ascertained? 

A. The amount of train-pipe pressure carried; 
the correctness of the air gage ; the method employed 
by the engineer in the application and release of the 
brakes ; the position of the brake valve handle in re- 
leasing brakes and recharging the train ; it is a valu- 
able adjunct in finding the cause of air brake wrecks 
or ' ' failures " ; shows if the air brake instruction of 
the road is lived up to; shows how long it takes to 
recharge with the different main reservoirs and 
pumps on the different engines ; it is a valuable aid 
in discovering the cause of slid flat wheels; it in- 
creases the interest of the engineers in air brake mat- 
ters, as their record and skill are shown by the lines 
on the chart; besides these things, a great deal of 
kindred information may be gleaned by a careful 
study of the charts. 
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Q. At what speed do these charts usually move? 

A. From two and one-quarter to four and one-lialf 
inches an hour, as desired. Horizontal charts have 
been used at as high a speed as three 
feet an hour. The speed can be ad- 
justed by means of the clock. 

Q. Is there any advantage gain- 
ed from a slow or fast movement of 
the paper? 

A. A slow movement condenses 
the record and does not require so 
large a chart, while a fast move- 
ment uses a longer chart, but shows 
a greater corresponding amount of 
detail. If a slow movement is used, 
and the detail is desired at any par- 
ticular point, such as a water crane 
j or milk depot, the speed of the paper 
B may be adjusted as desired. 

In Fig. 64, the broken line shows 
the path the pen would trace if there 
was a constant pressure of 70 
pounds. No pressure is represent- 
ed by the circumference of the small 
circle. • 

The figures at the top are a time 
reference, and the figures up and 
down refer to the amount of press- 
ure. 

The distance between the lines 
running up and down represents 
distance traveled by the train. The 
chart (Fig. 64) shows two records 
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on the same run made by two different men. A study; 
of the two shows several points of interest. 

The best work shows on the card to the right; the 
card at the left shows that the train-pipe governor 
was not adjusted properly for a 70-pound train-pipe 
pressure, or else the gage was wrong ; the card at the 
right shows three station stops where the engineer 
made more than a 20-pound train-pipe reduction, 
while the card at the left shows the same thing at 
six stations, and at almost every station the stop was 
made by two applications of the brake. The amount 
of reduction points very strongly to the use of the 
emergency. 

Fig. 65 shows a record taken from a horizontal re- 
cording gage. 

The horizontal lines represent pressure as indicat- 
ed, and the length of the paper shows the distance. 

The card shows that a train-pipe pressure of 72 
pounds was used, and that the engineer was ip the 
habit of making too heavy train-pipe reductions. 

In one place the train-pipe pressure was reduced to 
18 pounds, another to 15, another to 8 pounds, and 
in one case all air was taken from the train line. 
The two cases of heavy reduction at the left of the 
record point strongly to the use of the emergency 
position of the brake valve. 

In two places at the right the card shows that in 
two places the engineer released to recharge, but 
evidently did not calculate properly, as both times 
he started to apply the brakes when the train pipe 
was only charged to 60 pounds. The pressure in the 
auxiliaries was undoubtedly even somewhat less than 
this. 



A Few Practical Formulae and Rules for 
Air-Brake Inspectors. 

(1) ^ r , i = Total leverage. 

x ' Cylinder value ^ 



(2) 
(3) 



1-inch piston travel Shoe movement for 1 

Total leverage ~" inch of piston travel. 
Shoe wear Total increase of piston travel 



Shoe movement"" to wear out a set of shoes, 
for 1 inch of 
piston travel 

Illustration of Above Formulae. 

Assume: 

Weight of car = 40,000 pounds ; it is to be braked 
at ninety per cent of its weight; 10-inch cylinder 
used; shoes V/ 2 inches thick. 

Ninety per cent of 40,000 = 36,000 pounds. The 
cylinder valve, or push on the piston, of a 10-inch 
cylinder, when the brake is set in emergency with a 
quick-action triple, is 4,700 pounds. 

Substituting values in the equations: 

36,000 

(1) = 7.66 

4,700 

7.66 is the total leverage ; that is, the push of 4,700 
pounds on the piston must be multiplied 7.66 times 
to give the proper braking power. 
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1" 13 ' 
(2) = .13" or 



7.66 100 

13-100 of an inch is the distance that the brake 
shoes will move for each inch that the piston travels. 

li/, 1.5 

(3) or = 11.5 or 11% 

.13 .13 

Hi/2 inches is the distance the piston travel would 
have to increase to wear out a set of shoes iy 2 
inches thick. 

To find the area of -a piston: 

Multiply the diameter of the piston by itself, and 
this product by the decimal .7854. 
Example : 

What is the area of an 8-inch piston! 

8" X 8 = 64 sq. in. 

64 sq. in. X .7854 = 50.26 sq. in. 

50.26 square inches is the area of the piston; that 
is, the number of square inches in a circle 8 inches in 
diameter. 

To find the volume or cubical contents of a cylin- 
der: 

Multiply the diameter of the cylinder by itself, this 
product by the decimal .7854, and this product by the 
length of the cylinder. 

Example : 

What is the volume of a cylinder 8 inches in diam- 
eter and one foot long? 

8" x 8 = 64 sq. in. 

64 sq. in. X .7854 = 50.26 sq. in. 

50.26 sq. in. X 12 = 603.12 cu. in. 
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To find the pressure at which an auxiliary and 
brake cylinder will equalize with a full service ap- 
plication of the brake using an initial pressure of 
seventy pounds in the train pipe and auxiliary : 

Multiply the capacity of the auxiliary in cubic 
inches by eighty-five pounds (seventy pounds train- 
pipe pressure plus fifteen pounds atmospheric press- 
ure), and divide the product by the combined capacity 
of the auxiliary and brake cylinder. The quotient 
trill be, approximately, the pressure plus fifteen 
pounds atmospheric pressure. This is not absolutely 
correct, as it does not take into account the clearance 
in the cylinder back of the piston with the brake re- 
leased. This usually corresponds to about 1 inch of 
piston travel. 

Example : 

Capacity of freight auxiliary reservoir = 1.625 
cu. in. 

Capacity of 8-inch brake cylinder with 8-inch pis- 
ton travel = 400 cu. in. 

1,625 X 85 = 138,125. 138,125 -f- (1,625 + 400) = 68 
68 lbs.— 15 = 53 lbs. 

Fifty-three pounds is the pressure obtained in the 
auxiliary and brake cylinder with the brake full set 
in service. 

The formulae given below will be found convenient 
with which to find either the proper width of a lever 
to withstand a given strain, or to ascertain the fiber 
strain on a lever. 

R = Fiber strain. 

I = Distance from point power is applied to center 
of pin at point for which dimension or amount of 
fiber strain is desired. 
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b = Equals thickness of lever. 

d=-- Width of lever. 

No allowance is made for the metal taken out of 
the lever for the pin holes, as the removal of metal 
has no practical weakening effect, same being so 
close to the central axis. 

In general railroad air-brake practice, from 18,000 
to 20,000 is considered a safe fiber strain. 

/?- 6P 

^ Jib 

Example : 

To find the fiber strain at the middle hole of a lever 
24 inches between the push-rod and outside holes, 
middle hole 12 inches from push-rod hole, width of 
lever 4.336 inches at middle hole, lever 1 inch thick, 
10-inch cylinder used, and a maximum pressure of 60 
pounds obtained in the cylinder, giving a total power 
of about 4,700 pounds acting on the piston. 

^ 6 Pi n 6x4700x12 „ 1QAAA , 

* ="T* R = 1x4.336x4.33 6 or R = 18 >°°° P 0Unds - 

Example : 

Under the same conditions as the preceding ex- 
ample find the proper width of the lever at the middle 
hole, permitting of a maximum fiber strain of 18,000 
pounds. 

, |"6Pl , I 6 x 4700 x 12 ^ 

d= \ 18.8 or d = 4.336 inches. 
Width of lever should be 4.336 inches. 
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To reduce stops at different speeds to an equiva- 
lent stop at the same speeds, all other conditions be- 
ing equal. 

Rule: Multiply the known distance by the square 
of the speed for which proportionate distance is de- 
sired, and divide the product by the square of the 
speed at which known stop was made. 

This rule is only practical with speeds which are 
not more than three miles above or below the speed 
for which proportionate stop is to be calculated. 

Example : 

If a stop at 58 miles per hour is made in 1,600 feet, 
and one at 62 miles per hour in 1,800 feet, in what 
distance would each of these stops have been made 
at a speed of 60 miles per hour? 

Square of 58 miles = 3,364. 

Square of 62 miles = 3,844. 

Square of 60 miles = 3,600. 

1,600 X 3,600 

= 1,712. 

3,364 

1,800 X 3,600 

= 1,691. 

3,844 
In the first case the stop at 60 miles per hour would 
have been made 1,712 feet while in the latter it would 
have taken 1,691 feet. 



Braking Power and Leverage. 

Q. What is meant by braking power? 
A. The force applied by the shoes against the 
wheels to stop the motion of a car. 

• Q. What is meant by the percentage of braking 
power? 

A. The total brake-shoe pressure as compared to 
the light weight of the car. The percentage is found 
by dividing the total braking power by the light 
weight of a car. 

Q. What per cent of the weight of a car is used 
as braking power on a freight car? 

A. The New York Air Brake Company recom- 
mends the use of eighty-five per cent braking power 
figured on a brake-cylinder pressure of 60 pounds, or 
practically seventy per cent figured with a cylinder 
pressure of 50 pounds which is obtained with a New 
York Triple Valve in either a service or an emer- 
gency application of the brake. 

Q. On a passenger car? 

A. From eighty-five to ninety per cent of the 
light weight of the car, figuring the brake-cylinder 
pressure as being sixty pounds. This gives an actual 
braking power in service or emergency of about 
seventy-five per cent. 

Q. Can these percentages be used if the car has 
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two six-wheel trucks, and only two pairs of wheels on 
each car are braked? 

A. No; the percentages given refer to a certain 
per cent of the total weight on the rail of the braked 
wheels. 

Q. What per cent of braking power is used in 
designing driver brakes? 

A. Usually seventy-five per cent or three-fourths 
of the weight on the drivers when the engine is ready 
for the road. 

Q. What per cent of braking power is used on 
tenders? 

A. -Usually one hundred per cent, except on moun- 
tainous roads where the braking power used is less 
owing to the fact that a heavy grade causes consider- 
able weight to shift from one truck to the other and 
the water is higher on the low end of the tender. The 
shifting of the weight tends to cause the trail wheels 
to slide. 

Q. Why is a larger per cent of braking power 
used on tenders than on engines or cars? 

A. Because tenders are practically always loaded. 

Q. How are these percentages determined on as 
safe? 
A. By actual tests in the different kinds of service. 

Q. What brake-cylinder pressure is used in fig- 
uring the braking power with the different sizes of 
cylinders with the New York Brake? 

A. Sixty pounds with quick-action and fifty 
pounds with plain triple valves. 
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Q. Row do we calculate the force acting on the 
push rod due to the pressure in the cylinder acting 
on the piston? 

A. Multiply the diameter of the piston by itself; 
the product by the decimal .7854, and this last product 
by the pressure in the brake cylinder. 

Q. What force would act on the push rod of an 
8-inch cylinder using a quick-action triple? 

A. 8 X 8 X .7854 X 50 = 2,513, usually figured 
as 2,500 pounds. 

Q. With a plain triple? 

A. The same as with a quick-action triple valve. 

Q. Explain the difference in the percentage of 
braking power of a freight car light, and the same 
car when loaded to its full capacity. 

A. Suppose a freight car to be braked at seventy 
per cent" of its light weight. 

If the light weight of the car is 25,000 pounds, it 
is given 17,500 pounds braking power. If the capac- 
ity of the car.is 60,000 pounds, when loaded to its full 
capacity the total weight of the car and contents is 
25,000 + 60,000, or 85,000 pounds, but we have only 
the brake-shoe pressure to stop the car loaded that is 
used when it is light. We get about 50 pounds press- 
ure in the brake cylinder and have seventy per cent 
braking power with a light car, but with the car load- 
ed, when the brakes are fully applied, the braking 
power is only twenty and one-half per cent of the 
total weight of this car. 

Q. How is the percentage of braking power of a 
passenger car affected by its load? 



234 



New York Air-Brake Catechism 



A. Not very much, since the additional weight 
when loaded is comparatively small. 

Q. What forces are figured as acting at the push 
rod with the different sized cylinders, the cylinder 
pressure being taken as fifty and as sixty pounds? 

A. At fifty pounds : 

6 in. 8 in. 10 in. 12 in. 14 in. 
1,400 lbs. 2,500 lbs. 4,000 lbs. 5,600 lbs. 7,700 lbs. 

At sixty pounds: 
1,700 3,000 4,700 6,800 9,200 

By using the following cuts and formulae, the brak- 
ing power on a car with any kind of leverage may be 
figured. 




LEVER OF 1st KIND 
Fig. 66. 




FORMULA 



. Wxa 



Fio. 67.— Lever op First Kind. 
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There are three classes of levers : 

I. When the fulcrum c (Figs. 66 and 67) is between 
the force F and the weight W. 

II. When the weight W (Figs. 68 and 69) is be- 
tween the force F and the fulcrum c. 

III. When the force F (Figs. 70 and 71) is between 
the weight W and the fulcrum c. 

Figs. 66 and 67 represent a lever of the first class* 

Q. What brake-shoe pressure W will result ivith 
a force F # = 2,000 pounds, b = 16 inches, a = 8 
inches? 

FXb 2,000 X 16 

A. W = or W = or W = 4,000 

a 8 

pounds. 

The forces W and F act in the same direction on 
the levers, and the force at c acts on the lever in an 
opposite direction from both and must be equal to 
their sum, or 6,000 pounds. 

Q. What is the distance a if F = 2fi00, b = 16 
inches, and W = 4,0C0? 

FXb 

A. a = ; substituting values, 

W 

2,000 X 16 

a = or a = 8 inches. 

4,000 

Q. What is the force F, when W = 4,000, a = 
8 inches, and b = 16 inches? 
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WXa 

A. F = ; substituting values, 

b 
4,000 X 8 

F = or F = 2,000 pounds. 

16 

Q. Hoiv do we find b if W = 4,000 pounds, F 
£J)00 pounds, and a = 8 inches? 



i 
c]fc 




^E^ 



LEVER OF 2nd KIND 
Fig. 68. 




yy-F^b a-E^b. 



F _ Wxa b j Wxa 



Fig. 69.— Lever op Second Kind. 

WXa 

A. b = ; substituting values, 

F 
4,000 X 8 

j) — or 6 = 16 inches. 

2,000 
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Figs. 68 and 69 represent levers of the second class 
with the weight beween the fulcrum c and the force 
F. 

Assume that F = 2,000 pounds, a = 8 inches, d = 
16 inches, and 6 = a + d, or 24 inches. 








LEVER OF3rd KIND 




Pig. 70. 



w- 



FORMULA 
Fxb 



W 



F -Wxa 



b-5^ 



Fig. 71.— Lever of Thibd Kind. 

Q. What is W? 

FXb 
A. TF = ; substituting values, 



2,000 X 24 

W = or W = 6,000 pounds. 

8 
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In this class of levers we see that the forces F and 
W act in opposite directions on the lever, and the 
force exerted at c will be equal to the difference be- 
tween F and W, or 4,000 pounds. 

We may compute values for a, F or b, as was illus- 
trated in the first class of levers, if we know the 
values of the other three. 

Figs. 70 and 71 represent the third class of lever 
with the force F exerted between the weight W and 
the fulcrum c. 



68TO LBS. / 



.TO HAND BRA-Kt i2 * 00 "8./-^ 







13/28" 



5400 LBS. 
P t 27QO LBS, 



18' 

X 




16/72.' 

_ J^-5400 LB8. 



HODGE SYSTEM 




Assume that F = 2,000 pounds, 6 = 8 inches, d = 
16 inches, a = b + d, or 24. 

Q. What is' W 9 
FXb 

A. W = ; substituting values, 

a 
2,000 X 8 

' W = or W = 666 2-3 pounds. 

24 
W and F act in opposite directions on the lever in 
this case, and the force exerted at the fulcrum c will 
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be equal to the difference between F and W, or, in 
this case, 1,333 1-3 pounds. 

The other three formulae may be used to find the 
value of a, F, or 6 when the other three values are 
known, as already shown. 

Besides speaking of levers as first, second, and 
third class, they are known by their proportions as 
1 to 1, 2 to 1, 2y 2 to 1, etc., according to the amount 
the force F is raised or diminished, due to the class 
and proportions of the levers employed. 

To find the proportion of a lever of the first class, 
divide the distance of the fulcrum c to the force F 
by the distance from the fulcrum c to the weight W ; 
or, referring to Fig. 66, it would be : 

b -r- a or 16 -f- 8 = 2. This proportion of lever 
would be called a 2 to 1 lever. 

The force F is multiplied by 2 at W. 

In the second class, or Fig. 68, the proportion of 
the lever would be represented by : b -f- a or 24 -r- 8 = 
3, or a 3 to 1 lever. 

In the third class, or Fig. 70, the proportion of the 
lever would be represented by: b -r- a or 8 -r- 24 = 
1-3, or a 1-3 to 1 lever, in which case the proportion 
and class of levers reduces the force 3 to 1 instead of 
increasing it. 

Having studied the classes of levers, we will now 
make a practical application of their use in figuring 
the proportion of the levers to be applied to a car of 
given weight. 

We wish to design a brake for a passenger car, the 
weight of which is 60,000 pounds, and use the Hodge 
system of levers as shown in the sketch (Fig. 72). 

Ninety per cent or nine-tenths of 60,000 pounds is 
54,000 pounds. 54,000 pounds will be the safe brak- 
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ing power to apply to the wheels of a passenger car 
weighing 60,000 pounds. 

54,000 -s- 4 = 13,500, or the amount of braking 
power to be developed at each brake beam. 

The length of the truck levers has to be determined 
from the truck construction. We will suppose the di- 
mensions to be : long end, 28 inches ; short end, 7 
inches. 

The truck levers are of the second class and substi- 
tuting the values in the formula (Fig. 69) 

W X a 13,500 X 7 

F = or F = or F = 2,700 

b 35 

That is, to get a power W of 13,500 pounds against 
the brake beam, a force of 2,700 pounds is necessary 
at the top of the live truck lever. 

The forces F and W act on the live lever in opposite 
directions, so the force acting at fulcrum c will be 
13,500 — 2,700 = 10,800. This power is transmitted 
to the bottom of the dead lever, which is of the same 
class as the live lever ; but the force F is applied at 
the bottom instead of the top of the lever. 
We have from Fig. 69 : 

FXb 10,800 X 30 

W = or W = r or TF = 13,500 

a 24 

So that, with a force of 2,700 pounds acting at the 
top of the live lever of the dimensions given, a power 
W of 13,500 pounds is developed at each truck brake 
beam. 

The dead truck lever need not be of the same length 
as the live lever, but the proportions between the holes 
must be the same in each. 
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The force of 2,700 pounds that acts on the top of 
the live lever also acts at X, the end of the floating 
lever, and we must now determine what force must 
act on the rod that connects the end of the cylinder 
lever with the floating lever. 

This rod is connected at the middle of the floating 
lever, and the power at this point must be sufficient to 
develop a force of 2,700 pounds at each end of the 
floating lever. 

The force exerted at the middle must be 2 X 2,700 
or 5,400 pounds, as half of this amount is given to 
each end of the floating lever. 

This 5,400 pounds acting at the center of the float- 
ing lever must also act at the end of the cylinder 
lever, being connected directly with it. 

What we now wish to determine is, with any de? 
sired length over all, how must the holes be spaced in 
the cylinder lever that the presssure acting on the 
push rod will produce a force of 5,400 pounds at the 
outer end of the cylinder lever. 

A 12-inch cylinder is used with this weight of car t 
The brake set in emergency with a 12-inch cylinder 
gives us a push at the piston rod of 6,800 pounds, 
figuring the cylinder pressure developed is sixty 
pounds. We will suppose the distance between the 
outside holes of the cylinder lever to be 30 inches. 

The following rule will enable us to locate the mid- 
dle hole in the cylinder lever to which the tie rod is 
attached. 

Multiply the force acting at the piston by the 
length of the lever between the outside holes, and 
divide the product by the sum of the forces acting at 
both ends of the cylinder lever. The result will be 
the distance from the middle hole of the cylinder 
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lever to the hole to which the connection running to 
the floatmg lever is attached. 

Applying this rule to our problem we have 
6,800 X 30 = 204,000 
6,800 + 5,400 = 12,200 
204,000 -f- 12,200 = 16.72 
30—16.72 = 13.28 

The distance between the holes at the short end is 
13.28 and the long end 16.72 inches, and, according 
to the rule, the long end is connected to the connec- 
tion running to the floating lever. 

The force exerted at the middle hole of the cylinder 
lever is also communicated to a hole similarly placed 
in the other cylinder lever, so that, using the same 
levers, we will obtain the same braking power on the 
wheels of the other truck. 

In figuring the levers for the Stevens system of 
leverage, the power desired at the top of the live 
lever is figured the same as just explained. 

When we know this force, we know that the same 
power has to exist at the outer end of the cylinder 
lever, as the Stevens system has no floating lever. 

This we figure by the rule already given for spac- 
ing the holes in the cylinder levers. 

To figure the braking power of a car already equip- 
ped we start with the force acting 'on the piston rod 
and work toward the truck levers by the aid of the 
f ormulaB given. 

To use the formulae, first determine the class of 
lever with which we have to deal. 

The foregoing illustrations were a practical appli- 
cation of the formulae, in calculating the proportion of 
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levers that would give a proper braking power on a 
car of known weight 

We will now consider a shorter method of calculat- 
ing the proportion of levers for a Hodge and for the 
Stevens systems of leverage for this same car. 

Fig. 72 shows the Hodge system of levers. If this 
were a Stevens system, the floating lever would not 
be used, and the other end of the connection to the 
live lever of the truck would connect directly with 
the outer end of the cylinder lever. With the Stevens 
system the hand-brake connection runs from the brake 
mast direct to the top of the dead lever. 

(1.) To find the total braking power required: 

Subtract 10 per cent of the weight of the car on the 
wheels to ^be braked for passenger cars, and 30 per 
cent for freight cars. 

(2.) To find the leverage required: 

Divide the total braking power required by the total 
pressure on the piston. 

(3.) To find the proportion of the brake-beam 
levers: 

Divide the entire length of the lever by the short 
end, if the truck has a bottom connection; if it has a 
middle connection, divide the long by the short end. 

(4.) To find the total brake-beam leverage: 

Multiply the proportion of the brake-beam levers 
by two, for the Hodge system, and by four for the 
Stevens system. 

(5.) To find the proportion of the cylinder lever: 

Multiply the whole length of the lever by the re- 
quired leverage and divide the product by the sum 
of the total brake-beam leverage plus the required 
leverage. 

If the required leverage is greater than the total 
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brake-beam leverage, the long end of the lever must 
go next to the cylinder; if less, the short end goes 
next to the cylinder. 

The dead and live levers may be of fiifferent 
lengths, but must be of the same proportion to de- 
velop the same braking power. 

EXAMPLE. 

Hodge system of levers, as shown on Fig. 72, also 
the lengths of the truck levers. 

Weight of car, 60,000 pounds. 

A 12-inch cylinder is used with this weight of car* 

A pressure of 6,800 pounds is developed on a 12- 
inch piston by a sixty-pound cylinder pressure. 

(1.) 60,000 pounds less 10 per cent is 54,000 
pounds. 

(2.) 54,000 pounds -f- 6,800 = 7.94, leverage re- 
quired. 

(3.) 35 -T- 7 = 5, brake-beam leverage. 

(4.) 5X 2 = 10, total brake-beam leverage. 

Assume the length of the outside holes of the cylin- 
der lever to be 30 inches. 

(5.) (30 X 7.94) -*- (7.94 + 10) = 13.28 inches. 
30 — 13.28 = 16.72 inches. 

The required leverage is less than the total brake- 
beam leverage, hence the short end of the cylinder 
connects to the piston. 

Stevens system — same car. 

(L) 60,000 lbs. less 10 per cent, is 54,000 lbs. 

(2.) 54,000 -*- 6,800 = 7.94, the leverage required. 

(3.) 35 -T- 7 = 5, the brake-beam leverage. 

(4.) 5 X 4 = 20, the total brake-beam leverage. 

The cylinder lever is 30 inches between outside 
holes. 
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STEVENS SYSTEM 
OF 

CAR BRAKE LEVER8 



Fig. 73. 




HODGE SYSTEM 

OF 

CAR BRAKE LEVERS 



Fig. 74. 




TENDER BRAKE 
LEVERS 



Fig. 75. 
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(5.) (30 X 7.94) -f- (20 + 7.94) = 8.53 inches. 
m 30 — 8.53 = 21.47 inches. 

The required leverage is less than the total brake- 
beam leverage, hence, according to the rule, the short 
end of the cylinder lever (8.53 inches) connects to the 
piston. 

Q. Give a rule by which the braking power on 
practically any engme, tender or car, already 
equipped, may be calculated. 

A. Multiply the force acting by the distance from 
the force to the fulcrum, and divide this product by 
the distance from the work to the fulcrum ; the result 
will be the work that can be accomplished. 

In this rule let F = force, 
W = work, 

a = distance from the point at 
which the force is applied to 
the fulcrum, 
6 = distance from the fulcrum to 
the point at which the work is 
to be accomplished. 
Then we have the following formula which can be 
used: 

FXa 

W = 

b 

Q. What must be determined to use this rule in- 
telligently? 

A. It must always first be determined which point 
on any lever is the fulcrum. For instance, in con- 
sidering the piston lever (Fig. 72) the fulcrum is the 
rod which connects the piston and cylinder levers 
when we wish to ascertain the amount of work that 
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can be done at the outer end of the piston lever. If 
we wish to ascertain the amount of work that can be 
done on the rod connecting the piston and cylinder 
levers, the fulcrum would then be the outer pin in the 
piston lever. 

To find the work accomplished on the brake shoes 
connected to the live truck levers (Fig. 72), the lower 
pin of the live lever is the fulcrum ; but if we wish to 
know what work is done on the bottom truck connec- 
tion by a force acting on the top of the live lever, the 
point at which the brake shoe is shown represents the 
fulcrum. 

What has been said on the subject of brake leverage 
in this chapter is all useful, and a thorough under- 
standing of it will enable one to make many short cuts 
in leverage problems presented for consideration, but 
the last very simple rule will be found to be sufficient 
with which to calculate the braking power in prac- 
tically any system of leverage. 



Proper Size of Brake Cylinders for Use in 

Connection with Different Weights 

of Cars; 

The weights given are those recommended by the 
New York Brake Company for use in connection with 
their equipment. 

FREIGHT CARS. 

6-inch cylinders on cars weighing up to 15,000 
pounds. 

8-inch cylinders on cars weighing from 15,000 
pounds up to 35,000 pounds. 

10-inch cylinders on cars weighing over 35,000 
pounds. 

FOR PASSENGER CARS. 

10-inch cylinders on cars weighing from 32,000 to 
50,000 pounds. 

12-inch cylinders on cars weighing from 50,000 up 
to 70,000 pounds on four wheel trucks. 

14-inch cylinders on cars weighing from 70,000 up 
to 90,000 pounds on four wheel trucks. 

14-inch cylinders on cars weighing from 80,0QP up 
to 100,000 pounds on six wheel trucks. 

16-inch cylinders on cars weighing frcwn 100,000 
up to 130,000 pounds with six wheel trucks. 

It is very essential to use the cylinders as recom- 
mended in order not to get a total leverage that is too 
high, in which case the shoe clearance would be in- 
sufficient, the piston travel would increase too rapidly 
for a small amount of shoe wear, and a very unsatis- 
factory brake results. 
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Air brake and hand brake 

working opposite 125, 126, 127 
Air brake and hand brake 

working together 125, 126, 127 
Air cylinder oil cup, adjust- 
ment of 107 

Air cylinder oil cup, refus- 
ing to feed oil 107 

Air cylinder, oiling 106 

Angle cocks, when open .... 183 

Application of brakes 204 

Application of brakes, how 

much for testing 193 

Area of piston 227 

Automatic brake 13 

Auxiliary reservoir leak, ef- 
fect of brake applied 51 

Auxiliary reservoir leak, ef- 
fect of, brakes released. . 51 
Auxiliary reservoir will not 
charge 48, 186 

Blow at triple exhaust.... 51 

Blow at vent port 51, 53 

Blow through triple 189 

Brake applies and leaks off 

gradually 196 

Brake applies and then leaks' 

off 186 

Brake cylinder pressure, de- 
pendent on piston travel.. 118 

Brake does not apply 186 

Brake does not apply, how to 

make work 186 

Brake full set 24 

Brake release, how accom- 
plished 25 

Brake releasing 116 

Brake stuck 188 

Brake, to release it 24 

Brake valve, 1902 model 76 to 78 
Brake valve, description of 

59 to 71 
Brake valve, emergency po- 
sition 64 

Brake valve, equalizing piston 

jarring out of position 75, 78 
Brake valve, exhaust will not 

close 74 

Brake valve, graduating valve 

will not cut off 63 

Brake valve, handle works 

hard 73 

Brake valve, hard moving 
handle 73 
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Brake valve, lap position . . 62 

Brake valve, leaky packing 
leather 74 

Brake valve, no reduction In 
service position 73 

Brake valve (new style), 
changes from older type . . 76 

Brake valve (new style), de- 
scription 76, 77, 78 

Brake valve (new style), 
parts 76 

Brake valve (new style), will 
not graduate 78 

Brake valve, old style. 79 to 83 

Brake valve (old style) pecu- 
liarities, troubles and care 

84 to 86 

Brake valve (old style), oper- 
ation 79 to 83 

Brake valve (old style), 
troubles 84 to 86 

Brake valve, parts' 58 

Brake valve, peculiarities, 
troubles and care . . 72 to 75 

Brake valve, positions 55 

Brake valve positions, de- 
scription of 55 

Brake valve, pressure control- 
ling pump 72 

Brake valve, quick-release po- 
sition 66 to 70 

Brake valve, reduction made 
with service notches 73 

Brake valve, running position 61 

Brake valve, service position 62 

Brake valve, slow recharge. . 75 

Brake valve, test for leaky 
leather 74 

Brake valve, test for leaky 
slide valve 74 

Brake valve, Vaughn-McKee 

55 to 71 

Brake valve, which notch for 
service 57 to 64 

Brakes apply when not de- 
sired 200 

Brakes sticking 199 

Brakes stuck 54, 189, 207 

Braking power and leverage 

231 to 247 

Braking power, car light and 
loaded 233, 234 

Braking power, cylinder pres- 
sure used in figuring 232 

Braking power, loss of 53 



249 



250 



New York Air-Brake Catechism 



PAGE 

Braking power, percentage 
used 231, 232 

Braking power, proportion of 
levers 239 

Braking power, to figure force 
acting on piston 233 

Burst hose 201 

Cam brake 213 

Charging auxiliaries on 

twenty-car train 184 

Charging auxiliary reservoir 

25, 26, 36, 184 

Charging train 193 

Cold wheels at foot of grade. 191 
Combined automatic and 
straight-air brake for en- 
gines and tenders : 

Use 137 

Necessity for it 137 

Operation 138 to 142 

Parts employed 138 

Coupling engine to train, 

proper method 192 

Cut-out cocks, when open.. 183 

Cutting out a car 188 

Cylinder lever 117 

Cylinder pressure, In emer- 
gency 53 

Cylinder pressure, with dif- 
ferent tralnpipe reductions 

119, 120 

Dead lever 117 

Dirty triple valve, emergency 54 
Double check valve : 

Operation 140 

Location 139 

Double heading 208 

Duplex control : 

Additional parts neces- 
sary 156 

Operation of 156 to 158 

Emergency application, brake 
cylinder pressure obtained 53 

Emergency application, effect 
on if .cars are cut out .... 49 

Emergency application fol- 
lowing service 43 

Emergency application, un- 
desired 52, 54 

Emergency application, unde- 
slred, how to locate trouble 189 

Emergency application when 
service Is desired 188, 189 

Equalization of pressures. . . . 228 

Excess pressure, lack of . . . . 103 

Excess pressure, too little. 72, 73 

Excess pressure, too much. 72 

Failure of brakes, so called. 194 

Feed grooves closed 191 

Feed grooves, size of 26 

Feed grooves, use of 25 

Feed port of triple valve 

dirty 48 
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Fiber strain, to figure 228 

Formulae and rules... 226 to 231 
Freight equipment, parts, 
names, and their uses 

113, 114, 115 

Graduating valve leak.. 51, 52 

Hand brake and air brake 

working opposite 125, 126, 127 
Hand brake and air brake 

working together 125, 126, 127 
High-pressure control : 

Use 149 

Braking power obtained 

with 149, 151, 152 

To obtain full braking 

power 153 

Operation of 151 to 155 

Light cars in train 152 

Hodge lever 118 

Hose couplings frozen* 188 

Hos-e lining loose 194 

Hose, pulling apart 207 

How to operate signal. . 164, 165 

Improper response of whistle 

167, 168 

Leakage groove 118 

Leak by graduating valve 51, 52 
Leak, exhaust slide valve (old 

style) plain triple valve. . 31 
Leak in auxiliary reservoir, 

brakes applied 51 

Leak in auxiliary reservoir, 

brakes released: 51 

Leak in hose coupling 186 

Leak in tralnpipe on engine 

alone 208 

Leaks in a long train 187 

Leaks in tralnpipe 187 

Leaky slide valve in brake 

valve 74 

Leaving air brake train on 

grade 128 

Leverage, short method of 

figuring 246 

Lever of first kind 234 

Lever of second class 236 

Lever of third class 237 

Levers, to figure fiber strain 

of 228 

Live lever 117 

Loss of braking power 53 

Main reservoir, advantages 

of large capacity 110 

Main reservoir, bad results if 

too small 109, 110 

Main reservoir, drainage.... Ill 
Main reservoir drain cocks. . 112 
Main reservoir, pressure car- 
ried 108 

Main reservoir, proper capa- 
city 108, 109 
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Main reservoir, proper loca- 
tion 110, 111 

Main reservoir, table show- 
ing advantages of large ca- 
pacity Ill 

Main reservoir, use of 108 

Main reservoir, use of two. . 112 

No air in signal pipe 167 

Oil cup, adjustment of 107 

OH cup refusing to feed oil 107 

Oiling air cylinder 106 

Oil, use of in hose 187 

Outside equalized brake, to 
figure braking power. 214, 216 

Packing leather in brake cyl- 
inder leaks 186 

Passenger equipment 34 

Piping 218 to 221 

Piston lever 117 

Piston travel adjuster 1*4 

Piston travel, advantages if 
long 125 

Piston travel, advantages if 
short 125 

Piston travel, as affecting 
brake cylinder pressure, 

118, 119 

Piston travel, disadvantages 
if long 125 

Piston travel, disadvantages 
if short 125 

Piston travel, effect on brakes' 
releasing 121, 122 

Piston travel, effect on econ- 
omical use of air 123 

Piston travel, effect on hold- 
ing power of retaining 
valve 131 

Piston travel, effects of if un- 
even 120, 121 

Piston travel, how adjusted 117 

Piston travel, how to deter- 
mine amount by use of 
hand brake 124 

Piston travel, proper amount 184 

Piston travel, running and 
standing 123, 124 

Piston travel, short at head 
Of train 120 

Piston travel, short at rear 
of train 120 

Piston travel, standing 125 

Piston travel, table showing 
with different amount or 
travel and different train- 
pipe reductions 119 

Piston travel, taking up with 
hand brake 125 

Piston travel, variation per- 
missible 124 

Piston travel, what controls 
it 117 

Plain and quick-action triple 
valves in same train 33 
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Plain triple valve 14 

Plain triple valve, cuts, 

15, 17, 19, 27, 29, 31 
Plain triple valve, descrip- 
tion of parts and duties, 

16, 18, 20 
Plain triple valve, emer- 
gency application 28 

Plain triple valve, old style, 

29 to 32 
Plain triple valve, old style, 

operation 30, 31, 32 

Plain triple valve, old style, 

parts 28 

Plain triple valve, old style, 

peculiarities and care 31, 32 
Plain triple valve on long 

trains 33 

Plain triple valve, operation, 

20 to 30 

Plain triple valve, parts 14 

Plain triple valve, release po- 
sition 25 

Plain triple valves, use of, 

28, 29, Z2 
Pressure, equalization of ... . 228 
Proportion of brake-beam lev- 
erage, to find 243 

Proportion of cylinder lever, 

to find 243 

Pulling hose apart 207 

Pump, back leakage from 
high to low pressure cyl- 
inder 97 

Pump, cylinder head gasket 
leaking between high and 
low pressure cylinders, . 95, 96 
Pumps, diameter of cylinders', 

87, 89 
Pump, dirt on lower receiving 

valve 95 

Pump, discharge valve stuck, 

or broken 96 

Pump governor 99 to 102 

Pump governor, duty of regu- 
lating spring 99 

Pump governor, operation, 

99, 100, 101 

Pump governor, parts 99 

Pump governor, peculiarities. 

troubles and care 103, 104 

Pump, how to oil C6 

Pump, Intermediate vaive « 

leaks 95 

Pump, Intermediate valve 

seat loose 96 

Pump, lead piston 92 

Pump, leaky packing 94 

Pump, lift of air valves 92 

Pump, low efficiency 94, 95, 96 

Pump, names of parts 87 

Pump oil cup, operation 106 

Pump, pounding, causes .... 94 
Pump, practical efficiency 

test 97 

Pump, pressure worked 
against 92 
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Pump refusing to work 103 

Pump, reversing rod broken. 97 

Pump slow to start 103 

Pump speed 97, 98 

Pump stopping 97 

Pump, test for back leakage. 97 
Pump, top receiving valve 

stuck from its seat 95 

Pump, undesired reduction of 

speed 104 

Pump, uneven strokes .... 95, 96 

Pumps 87 to 93 

Pumps, operation .... 89 to 93 
Pumps, peculiarities, troubles 

and care 94 to 98 

Pumps, service for No. 1 and 

2 : 87 

Quick-action and plain triple 
In same train 33 

Quick-action triple valve, ad- 
vantages 33 

Quick-action triple valve, 
emergency application. 42, 43 

Quick-action triple valve, lat- 
est, description .... 43 to 47 

Quick-action triple valve, lat- 
est modifications 40, 44, 45, 46 

Quick-action triple valve, long 
trains 33 

Quick-action triple valve, 
operation 36 to 43 

Quick-action triple valve, 
parts 35, 36 

Quick-action triple valve, 
parts used in emergency . . 88 

Quick-action triple valve, 
parts used in service 36 

Quick-action triple valve, pe- 
culiarities, troubles and 
care 48 to 54 

Quick-action triple valve, re- 
lease position 35 

Quick-action, undesired 48 

Recharge slow 75 

Recording gage, operation, 

221 to 226 
Reducing valve : 

Location 148 

Use 138 

Operation 146 

Troubles 146 to 147 

Release of brake. . 32, 42. 43, 116 
Release of brakes on freight 

train 204 

Release of brakes on passen- 
ger train 203 

Release of brake, undesired, 

52, 50 
Reservoir, charging .... 25, 26 

Retainer pipe broken 187 

Retaining valve, defects that 

render It inoperative 132 

Retaining valve, gains in cyl- 
inder pressure due to Its 
use 133, 134 
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Retaining valve, how to test. . 132 

Retaining valve, location 129 

Retaining valve, maximum 

cylinder pressure using it. 134 
Retaining valve, operation of, 

130, 131 
Retaining valve, position of 

handle 129, 130 

Retaining valve, table show- 
ing gains in cylinder pres- 
sure 135 

Retaining valve, time to re- 
duce cylinder pressure. . . . 131 
Retaining valves, to test.... 185 
Retaining valves, use of, 

129, 133, 205 
Retaining valve, when to put 

in use 132, 133 

Retaining valve, where used. 129 
Rule to locate the middle 

hole in the cylinder lever. 241 
Rules and formulae . . 226 to 231 
Runaway trains 204 

Signal reducing valve : 

Duty of 161 

Operation of 161 

Signal system : 

First form 159 

Parts on engine 160 

Parts on car 160 

Location of parts... 160, 161 

Signal valve, operation of, 
new style 165, 166 

Signal valve, operation of, 
old style 163, 164 

Signal whistle, where located 162 

Slack adjuster 124 

Standing piston travel 125 

Stops, to reduce different 
speeds to same speed .... 230 

Straight-air brake. 11, 137 to 149 

Use 137 

Necessity for it 137 

Operation 138 to 142 

Parts employed 138 

Directions how to use. .. 142 

Straight-air brake valve : 

Cuts of 144 

Operation 143 

How to handle 142, 145 

Stuck brake, caused by retain- 
ing valve 132 

Stuck brake on engine 141 

Stuck brakes, 

188. 207, 54, 199, 189 

Stuck vent valve 54 

Supply of air for the sig- 
nal system 162 

Sweeney compressor : 

Object 173 

Operation 173 

Objections to 173 

Test for leaky leather in 

brake valve 74 

Testing retaining valves 185 
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Test of brakes, how much 
reduction 184 

Test of brakes, how to tell 
when it is time for ..... . 184 

Thermal test 191 

To find leverage required. . 243 

To find the proportion of 
brake-beam levers 243 

To find proportion of cylin- 
der lever « . 243 

To find the total brake-beam 
leverage 243 

To find total leverage 243 

To locate the middle hole in 
the cylinder lever 241 

Too much pressure on signal 
pipe 169 

To reduce stops at different 
speeds to same speed 230 

Total brake-beam leverage, to 
find 243 

Total leverage 226 

Total leverage, to find 243 

To test signal pipe pressure. 171 

Train handling, break-in- 
twos 207 

Train handling, cutting out 
driver brakes 207 

Train handling, double head- 
ing 208 

Train handling, first move 
when tipping over summit. 195 

Train handling, first step . . . 192 

Train handling, how much re- 
duction for the second 196 

Train inspection, how to con- 
duct 182 

Train inspection, how to 
couple engine to train 183 

Train handling, how to tell if 
angle cocks are open .... 195 

Train handling, how to tell if 
all cars are cut in 195 

Train handling, how to re- 
lease and recharge 198 

Train handling, how to save 
time 205 

Train handling, loss of brak- 
ing power 197, 198 

Train handling, poor holding 
train 195 

Train handling, proper 
amount of trainpipe re- 
duction 195 

Train handling, proper place 
to recharge 198 

Train handling, reversing en- 
gine 209 

Train handling, runaways. . 204 

Train handling, running over 
crossovers 204 

Train handling, start after 
stopping 204 

Train handling, sudden fall 
of train-pipe pressure 201 

Train handling, taking on 
cars 205 
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Train handling, total amount 

. of reduction 197 

Train handling, trainpipe 

leakage 201 

Train handling, turn table 

stop 202 

Train handling, two applica- 
tion method 202 

Train handling, use of emer- 
gency application 208 

Train handling, use of hand 

brakes with air 206 

Train handling, use of retain- 
ing valves 205 

Train handling, water-tank 

stop 202 

Train inspection, leaks 187 

Train inspection, necessity of 193 
Train inspection, what should 

be done at completion .... 185 
Train inspection, why neces- 
sary 182 

Trainpipe leakage 201 

Trainpipe leak, effect of . . . . 50 
Trainpipe leak, effect of, 

brakes applied 50, 51 

Trainpipe leak, effect of, 

brakes released 50, 51 

Trainpipe leaks, how to test 

for 194 

Trainpipe reduction, effect if 

sudden 42 

Triple valve exhaust port, 

blows 51 

Triple valve, how to distin- 
guish 54 

Triple valve dirty 54 

Triple valve, feed port dirty. 48 
Triple valve, frozen... 32, 49, 188 
Triple valve, plain, new style, 

14 to 28 
Triple valve, plain, old style, 

29 to 32 
Triple valve, quick-action. 33 to 47 
Triple valve, quick-action, 
peculiarities, troubles and 

care 48 to 54 

Triple valve, water in 49 

Triple valve, why so called . . 20 

Undbsirbd emergency, 

52, 54, 188, 189 

Un desired emergency, how to 
find faulty triple 189 

Undesired quick-action 48 

Use of automatic and 
straight-air at the same 
time 141 

Valves 200 

Vent port, blow 51, E3 

Vent valve piston stuck .... 189 

Vent valve stuck 54 

Volume of cylinder 227 

Water brake : 

Power used 174 
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Water brake : 

Use of lubricator 174 

Special care 174 

Passage of steam 175 

How to operate.. 175 to 179 

Erection of piping 177 

Water brake for com- 
pounds 178 to 181 

Wheel sliding 199 
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Whistle blows' twice for one 

pull of signal cord 169, 170 

Whistle blows when brakes 

are released 170 

Whistle, cause of screech . . 170 

Whistle, constant blow 172 

Whistle, no response 168 

Whistle, one response when 
cord is pulled twice 168 



See 
Advertisement 

of 

New York Air Brake Co, 

on 
Two following pages. 



The 
New York 
Air Brake Co. 



C. A. STARBUCK, 

President. 

J. C. THOMPSON, 

Sec'y-Treas. 



riANUFACTURERS OP 

AUTOMATIC 
QUICK ACTION AIR BRAKES 

FOR 

LOCOMOTIVES, 

PAS5ENGER CARS AND FREIGHT CARS. 

Superior Quality and Reasonable Price. 



66 Broadway, NEW YORK. 
Fisher Building, CHICAGO. 



The 
New York 
Air Brake Co. 



THE 

AIR BRAKE 

PUMP 



IS THE SOURCE OF POWER— 
THE VERY ROOT OF AIR 
BRAKE EFFICIENCY. ** THE 



New York Pump Is 
Duplex 

A Coal Saver, A Quick Supplier, 
Simple, Durable, Smooth Working* 



IT WAS THE FIRST LARGE 
AIR PUMP MADE FOR 
HEAVY FREIGHT TRAINS. 



IM New York Air Brake Co. 

66 BROADWAY, NEW YORK 

C A. STARBTJCK, PRESIDENT J. C THOMPSOK, 8BCBBTAKY 
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NORMAN W. HENLEY & CO. 
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«.-J^" Any 2? tbe f e b °oks will be sent prepaid on receipt of 
price to any address in the world. «**«p«. 

*wKr We ^ send FREE to any address in the world our 100-page 
Catalogue of Scientific and Practical Books. wv*** 

A "S28S5r « F *SP Mli S i and Tnel1, Preparation. A Com- 
prehensive Treatise on Perfumery: 

Containing complete directions for making Handker- 
chief Perfumes, Smelling Salts, Sachets, Fumigating 
Pastils; Preparations for the Care of the Skin, the 
Mouth, the Hair ; Cosmetics, Hair Dyes, and other 
Toilet Articles. 300 Pages. 32 illustrations. 8vo. 
Cloth | 300 

Barr. Catechism on the Combustion of Coal and the 
Prevention or Smoke s 

A practical treatise for all interested in fuel econ- 
omy and the suppression of smoke from stationary 
steam boiler furnaces and from locomotives. 85 illus- 
trations. 12mo. 349 Pages. Cloth $1.50 

Blackall. Air-Brake Catechism: 

This book is a complete study of the air brake 
equipment, including the latest devices and inventions 
used. All parts of the air brake, their troubles and 
peculiarities, and a practical way to find and remedy 
them, are explained. This book contains 1500 question? 
with their answers, and is completely illustrated by En- 
gravings and Twelve Large Folding Plates of the Westing- 
house Quick-Action Automatic Brake, and also the Gil- 
inch Improved Air Pump. 306 Pages. Handsomely bound 
inCloth. Eighteenth Edition $2.00 

Grimshaw. Saw Filing and Management of Saws t 
A practical handbook on filing, gumming, swaging, 
hammering and the brazing of band saws, the speed, 
work and power to run circular saws, etc., etc., Fully 
illustrated. Cloth $1.00 

Grimshaw. "Shop Kinks": 

This book is entirely different from any other on 
machine-shop practice. It is not descriptive of univer- 
sal or common shop usage, but shows special ways of 
doing work better, more cheaply and more rapidly than 
usual, as done in fifty or more leading shops in Europe 
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and America. Some of Its over 500 Items and 222 il- 
lustrations are contributed directly for its pages by emi- 
nent constructors ; tbe rest have been gatbered by the 
autbor in his Thirty Years' Travel and Experience. 
Second Edition. Nearly 400 Pages and 222 illustra- 
tions. Cloth ; , $2.50 

Grlmsnaw, Engine Runner's Catechisms 

Telling how to erect, adjust and run the principal 
steam engines in the United States. Describing the 
principal features of various special and well-known 
makes of engines. Fourth Edition. 336 Pages. Fully 
illustrated. Cloth $2.00 

<Prlmshaw. Steam Engine Catechism: 

A series of direct practical answers to direct prac- 
tical questions, mainly intended for young engineers 
and for examination questions. Nearly 1,000 questions 
with their answers. Twelfth Edition. 413 Pages. 
Fully Illustrated. Cloth $2.00 

Grlmahaw. Locomotive Catechism: 

This is a veritable Encyclopaedia of the Locomotive, 
is entirely free from mathematics, and thoroughly 
up to date. It contains 1,600 Questions with their 
Answers. Twenty-second Edition, greatly enlarged. 
Nearly 450 Pages, over 200 illustrations, and 12 Large 
Folding Plates. Bound in Maroon Cloth $2.00 

Hlseox. Gas, Gasoline and Oil Engines: 

Full of general information about the new and popu- 
lar motive power, its economy and ease of management. 
Also chapters on Horseless Vehicles, Electric Lighting, 
Marine Propulsion, etc. Special chapters on Theory 
of the Gas and Gasoline Engine, Utilization of Heat 
and Efficiency of Gas Engines, Retarded Combustion 
and Wall Cooling, Causes of Loss and Inefficiency in 
Explosive Motors, Economy of the Gas Engine for 
Electric Lighting, The Material of Power in Explosive 
Engines. Carbureters, Cylinder Capacity, Mufflers, 
Governors, Igniters and Exploders, Cylinder Lubrica- 
tors, The Measurement of Power, The Indicator and 
its Work, Heat Efficiencies, U. S. Patents on Gas, 
Gasoline and Oil Engines and their adjuncts since 
1875, etc. 412 Pages. Large Octavo, illustrated with 
312 Handsome Engravings. Tenth Edition, Revised 
and Enlarged. Buckram $2.50 

Hlseox. Compressed Air In All Its Applications : 

Giving the thermodynamics, compression, transmis- 
sion, expansion, and uses for power purposes in mining 
and engineering work ; pneumatic motors, shop-tools, 
air-blasts for cleaning and painting, air-lifts, pump- 
ing of water, acids and oils: aeration and purification 
of water supply, railway propulsion, pneumatic tube 
transmission, refrigeration and numerous appliances 
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in which compressed air is a most convenient and eco- 
nomical vehicle for work — with tables of compression, 
expansion and the physical properties of air. Large 
octavo. 800 Pages. 600 illustrations. Fourth Edi- 
tion, Revised. Price $5.00 

HlMox, Boneless Vehicle*, Automobiles and Koto* 

Cycles. Operated by Steam, Hydro-Carbon, ElectrW 

and Pneumatic Motors s 

The make-up and management of Automobile Ve- 
hicles of all kinds are treated. It also contains a com- 
plete list of the Automobile and Motor Manufacturers 
with their addresses as well as a list of patents issued 
since,. 1856 on the Automobile industry. Nineteen Chap- 
ters. Large 8vo. 316 illustrations. 460 Pages. Cloth. $3.0# 
Hlseoz. Mechanical Movements, Powers, Device* 

and Appliances t 

This is a new work on Illustrated Mechanics, Me- 
chanical Movements, . Devices and Appliances, cover- 
ing nearly the whole range of the practical and inven- 
tive field, for the use of Mechanics, Inventors, Engi- 
neers, Draughtsmen, and all others interested in any 
way in mechanics. Large 8vo. Over 400 Pages. 1,800 
Specially Made Illustrations, with Descriptive Text. 
Tenth Edition $3.0# 

Inventors* Manual; How to Hake a Patent Pay: 

This is a book designed as a guide to inventors in per- 
fecting their inventions, taking out their patents and 
disposing of them. 119 Pages, ftew Edition. Cloth.. $1.04 
Krauss. Linear Perspective Self-Taught t 

The underlying principle by which objects may be 
correctly represented in perspective is clearly set forth 
in this book, everything relating to the subject is shown 
in suitable diagrams, accompanied by full explanations 

in the text. Price $2.50 

LeVan. Safety Valves; Their History* Invention and 
Calculation t 

Illustrated by 69 Engravings. 151 Pages $1.50 

Parsell 6c Weld. Gas Engine Construction : 

A practical treatise describing the theory and prin- 
ciples of the action of gas engines of various types, 
and the design and construction of a half-horse power 
Gas engine, with illustrations of the work in actual 
progress, together with dimensioned working drawings, 
giving clearly the sizes of the various details. Second 
Edition Revised and Enlarged. 25 Chapters. Large 
8vo. Handsomely Illustrated and Bound. 300 Pages. $2.50 

Reagan, Jr. Electrical Engineers' and Students' Chart 
and Handbook of the Brush Are Light System : 

Illustrated. Bound in Cloth, with Celluloid Chart 
in Pocket. 8vo. <loth $1.00 
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Sloane* Electricity Simplified t 

.The object of "Electricity Simplified" is to make the 
subject as plain as possible, and to show what the 
modern conception of electricity is. 158 Pages. Il- 
lustrated $1.00 

Sloane. How to Become a Successful Electrician* 
It is the ambition of thousands of young and old to 
become electrical engineers. Not every one Is pre- 
pared to spend several thousand dollars upon a col- 
lege course, even if the three or four years requisite are 
at their disposal. It is possible to become an electrical 
engineer without this sacrifice, and this work is de- 
signed to tell "How to Become a Successful Electric- 
ian," without the outlay usually spent in acquiring the 
profession. Twelfth Edition. Revised and Enlarged. 
200 Pages. Illustrated. Cloth $1.00 

Sloane* Arithmetic of Electricity x 

A Practical Treatise on Electrical Calculations of 
all kinds, reduced to a series of rules, all of the sim- 
plest forms, and involving only ordinary arithmetic; 
each rule illustrated by one or more practical prob- 
lems, with detailed solution of each one. Fourth Edi- 
tion. Illustrated. 138 Pages. Cloth $1.00 

Sloane. Electric Toy making, Dynamo Building and' 
Electric Motor Construction t 

This work treats of the making at home of Electrical 
Toys, Electrical Apparatus, Motors, Dynamos and In- 
struments in general, and is designed to bring within 
the reach of young and old the manufacture of genuine 
and useful electrical appliances. Third Edition. Fully 
Illustrated. 140 Pages. Cloth $1.00 

Sloane. Rubber Hand Stamps and the Manipulation 
of India Rubbers 

A practical treatise on the manufacture of all kinds 
of Rubber articles. 146 Pages. Second Edition. Cloth. $1.00 

Sloane. Liquid Air and tne Liquefaction of Oases : 
Containing the full theory of the subject, and giv- 
ing the entire history of liquefaction of gases, from the 
earliest times to the present. It shows how liquid air 
like water is carried hundreds of miles and is handled 
in open buckets. It tells what may be expected from 
it in the near future. 365 Pages, with many Illustra- 
tions. Handsomely bound in Buckram. Second Edi- 
tion $2.50 

Sloane* Standard Electrical Dictionary: 

A practical handbook of reference, containing defini- 
tions of about 5,000 distinct words, terms and phrases. 
An -mtirely New Edition, brought up to date and great- 
ly enlarged. Complete, Concise. Convenient. 682 
Pages, 303 Illustrations. Handsomely bound in Cloth. 
8yo $8.00 
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I7sher« Tike Modern Machinist s 

A practical treatise embracing the most approved 
methods of modern machine-shop practice, and the ap- 

Sllcations of recent improved appliances, tools and 
evices for facilitating, duplicating and expediting the 
construction of machines and their parts. A new book 
from cover to cover. Third Edition. 257 Engravings. 
322 Pages. Cloth $2.50 

▼an Bervoort. Modern Machine Shop Tools; Their 
Construction, Operation and Manipulation, Includ- 
ing Both Hand and Machine Tooist 

A new work treating the subject in a concise and 
comprehensive manner. A chapter on Gearing and Belt- 
ing, covering the more important cases, also the Trans- 
mission of Power by Shafting with formulas and ex- 
amples is included. This book is strictly up-to-date 
and is the most complete, concise and useful work ever 
published on this subject. Containing 550 Pages and 
673 Illustrations $4.00 

Wood worth. Dies, Their Construction and ITse for 
the Modern Working of Sheet Metals t 

A treatise upon the designing, constructing and use of 
tools, fixtures and devices, together with the man 
ner in which they should be used in the power 
press for the cheap and rapid production of sheet metal 
parts and articles. Comprising fundamental designs 
and practical points by which sheet metal parts may 
be produced at the minimum of cost to the maximum of 
output, together with special reference to the harden- 
ing and tempering of press tools, and to the classes 
of work which may be produced to the best advantage 
by the use of dies in the power press. Containing 
400 Pages. 500 Illustrations $3.00 

Wood worth. Hardening, Tempering, Annealing and 
Forging of Steel : 

A new book containing special directions for the suc- 
cessful hardening and tempering of all steel tools. 
Milling cutters, taps, thread dies, reamers, both solid 
and shell, hollow mills, punches and dies and all 
kinds of sheet-metal working tools, shear blades, saws, 
fine cutlery^^and metal-cutting tools of all descriptions, 
as well as for all implements of steel, both large and 
small, the simplest and most satisfactory hardening 
and tempering processes are presented. The uses to 
which the leading brands of steel may be adapted 
are concisely presented, and their treatment for work 
ing under different conditions explained, as are also 
the special methods for the hardening and tempering 
of special brands. Containing 288 Pages, about 201 
Illustrations $2.50 
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LOCOMOTIVE 
BREAKDOWNS and 
THEIR REMEDIES. 



AN UP TO DATE CATECHISM ON RAILWAY BREAK- 

DOWNS, OR WHAT TO DO IN CASE OP 

ACCIDENTS. 

BY GEO. L. FOWLER, M. E. 

Bmo. * 250 Pages. Fully Illustrated. 

PRICE, $1.50. 

*T*HIS work treats in full all kinds of accidents that are 

1 likely to happen to locomotive engines while on the road. 

The various parts of the locomotive are discussed and 

every accident that can possibly happen with the remedy to be 

applied is given. 

The various types of Compound Locomotives are included 
so that every engineer may post himself in regard to emergency 
work in connection with this class of eugine. 

For the Railroad man who is anxious to know what to do 
and how to do it under all the various circumstances that may 
arise in the performance of his duties, this book will be an in- 
valuable assistant and guide. 

EVERY RAILROAD MAN SHOULD HAVE THIS BOOK, 

SO THAT HE WILL KNOW HOW AND WHAT 

TO DO WHEN THB TIME COMES. 

Special Chapters on Defective Valves; Accidents to the 
Valve Motion; Accidents to Cylinders, Steam Chests, Cylinders 
and Pistons; Accidents to Guides, Crossheads and Rods; Acci- 
dents to Running Gears; Truck and Frame Accidents; Boiler 
Troubles; Defective Throttle and Steam Connections; Defect- 
ive Draft Appliances; Pump and Injector Troubles; Accidents 
to Cab Fixtures; Tender Accidents; Miscellaneous Accidents; 
Compound Locomotive Accidents; Tools and Appliances for 
Making Engine Repairs; Air Brake Troubles; Aid to the 
Injured. 

NORMAN W. HENLEY & CO., 

PUBLISHERS, 
132 NASSAU STREET, NEW YORK* 




JUST PUBLISHED. 
22d Edition. Greatly Enlarged. 

Locomotive Catechism 

OR 

How to Run a Locomotive. 
BY ROBERT GRIMSHAW. 
PRICE, $2.00 

THIS book commends itself at once to every Engineer and 
Fireman, and to all who are going in for examination, 
or promotion. 
In plain language, with full, complete answers, not only all 
the questions asked by the examining engineer are given, but . 
those which the young and less experienced would ask the 
veteran, and which old hands ask as "stickers.'* 

It is is a veritable Encyclopaedia of the Locomotive, is 
entirely free from mathematics, and thoroughly up to date. 
It contains Sixteen Hundred Questions with their Answers. 

PARTIAL TABLE OP CONTENTS. 

Definitions and Classifications ; The Boiler ; The Engine ; 
The Frame Running Gear ; Continuous Train Brakes ; Com- 
pound Engine ; Accidents and Emergencies ; Boiler Flues ; 
Boiler Attachments ; Dry Pipe and Throttle ; Steam Pipe ; 
Steam Chest ; Slide Valve ; Cylinder ; The Rods ; The Piston ; 
The Exhaust and its Signs ; Cross-head Crank Pins ; Filing, 
Fitting and Lining Brasses ; Compound Engines.— Containing 
Official Form of Examination of Firemen for Promotion and 
of Engineers for Employment. (143 questions answered in 
detail.) Many of the answers illustrated by engravings especially 
prepared therefor.— Nearly 450 Pages, over 200 Illustrations, 
and 12 Large Folding Plates.— Bound in Cloth, Price $2.00. 
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